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INTRODUCTION 


Research  on  the  making  of  water-resistant 
cotton  fabrics  has  been  in  progress  at  the 
Southern  Regional  Research  Laboratory  for 
a  number  of  years.  It  has  included  the  de- 
velopment of  fabrics  of  extra  high  pickage 
but  of  lighter  weight  (9)^  than  fabrics  made 
earlier,  which  are  to  be  discussed  below.  This 
earlier  work  was  centered  around  swelling- 
type,  water-resistant  fabrics.  For  the  present 
purpose,  these  are  fabrics  which  resist  the 
passage  of  water  largely  by  virtue  of  fiber 
swelling,  which  results  in  a  closing,  or  self- 
sealing,  effect  within  the  fabric  when  it  is 
wet.  Such  fabrics  may  have  a  water-repellent 
finish,  but  are  distinguished  from  ordinary 
water-repellent  fabrics  by  the  more  effective 
utilization  of  swelling,  as  a  "second  line  of  de- 
fense" against  penetration  by  water.  Both 
are  distinguished  from  fabrics  waterproofed 
with  a  continuous  impervious  coating  by  being 
permeable  to  air  and  to  water  vapor. 

Portions  of  this  work  have  been  summarized 
(7,  31),  but  the  many  factors  involved  have 
not  been  presented  in  detail  heretofore.  Much 
material  of  general  interest  is  included  on  cot- 
ton fabric  construction  and  finishing,  apart 
from  effects  on  water  resistance,  with  tables 
of  unique  data.  Such  material  concerns  com- 
parative strengths,  elongations,  and  other  prop- 


erties of  yarns  and  fabrics  made  from  extreme- 
ly immature  as  well  as  mature  cottons;  also, 
physical  properties  of  fabrics  woven  with  nor- 
mal to  unusually  high  numbers  of  picks  per 
inch  (Parts  III  and  IV).  Data  of  this  nature 
have  not  been  available  heretofore  because 
such  fabrics  had  not  been  made.  Finally,  some 
of  the  effects  on  fabric  properties,  especially  on 
air  and  water  resistance,  at  separate  steps  in 
finishing  are  included  (parts  III,  IV,  and  V), 
as  well  as  special  tests  which  have  resulted  in 
new  views  on  water  resistance  (Part  V). 

The  early  work  was  done  in  cooperation  with 
the  Quartermaster  Corps  when  the  oxford 
fabric  was  of  great  interest  for  army  combat 
clothing.  Interest  in  Other  construction  has 
since  increased  because  tightly  woven  oxfords 
have  objectional  features.  For  example,  ox- 
ford fabrics  of  sufficiently  dense  construction 
for  effective  swelling  lack  drape,  and  tend  to  be 
stiff  and  boardy,  especially  when  wet.  How- 
ever, the  all-cotton  oxford  is  of  continuing  in- 
terest, and  principles  to  be  discussed  are  appli- 
cable to  some  fabrics  of  other  constructions. 
A  much  heavier  fabric  of  oxford  construction 
could  be  woven  as  unlined  cotton  firehose  to 
replace  unlined  linen  hose  in  case  of  an  emer- 
gency shortage  of  linen. 


SWELLING-TYPE  FABRICS 


That  swelling  can  play  an  important  part  in 
the  resistance  of  some  fabrics  to  the  passage 
of  water  is  obvious  from  the  rapid  wetting 
and  closing  off  of  an  unlined  firehose  under 
water  pressure.  Effects  of  swelling  were  evi- 
dent also  in  suitably  designed  fabrics  (22)  made 
from  rayon,  with  its  well  known  high  swelling 
capacity.  The  present  research  proceeded  on 
the  assumption  that  swelling  could  be  an  im- 
portant factor  also  in  the  water  resistance  of 
cotton  fabrics. 

One  of  the  oldest  products  of  swelling-type 
fabric  is  the  unlined  linen  firehose:  other 
products  include  linen  canvases  for  tents,  cov- 
ers, and  water  bags.  Only  comparatively  re- 
cently have  successful  swelling-type  fabrics 
been   developed  from   cotton.     These   include 


unlined  cotton  firehoses  (12,  14,  26,  27);  and 
cotton  fabrics  of  lighter  weight  developed  by 
F.  T.  Peirce  and  his  coworkers,  known  as 
Shirley,  "L",  or  Ventile'  fabrics  (29).  The  re- 
search leading  up  to  them  seems  never  to  have 
been  reported  in  detail,  although  important 
points  were  covered  by  Peirce  (25). 

The  British  Ventile  fabric  development  was 
based  on  Egyptian  cotton,  whose  staple  length 
gives  it  an  advantage  for  such  goods.  Since 
Egyptian  cotton  would  probably  not  have  been 
available  in  this  country,  for  extensive  use 
under  emergency  conditions,  nor,  in  fact,  long- 
staple  American  cotton,  the  broad  problem  was 
to  make  effective  fabrics  from  American  cot- 
tons which  would  be  readily  available  in  quan- 
tity. 


'  Arabic  numbers  in  parentheses  refer  to  Literature  Cited  at  the  end  of  this  publication. 

'  Mention  of  company  or  trade  names  is  for  information  and  convenience  only  and  does  not  imply  endorsement  by  the  U  S. 
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In  this  first  paper  are  explained  several  pos- 
sibilities for  improvement  of  the  water  resist- 
ance of  swelling-type  fabrics.  This  introduct- 
ory discussion  is  based  somewhat  on  "theory," 
but  to  a  far  greater  extent  upon  the  actual  ex- 


perience of  working  with  many  cottons,  yarns, 
and  fabrics.  Since  the  fabrics  in  each  group 
to  be  described  illustrate  effects  of  two  or  more 
of  the  main  factors  or  variables,  some  of  the 
general  principles  are  covered  first. 


FABRIC  CONSTRUCTION 


The  oxford  weave  was  adopted  as  the  main 
construction  for  the  experimental  work  for  sev- 
eral reasons:  1.  Some  of  the  best  self-seal- 
ing (unlined)  linen  firehoses  are  regularly  made 
in  this  weave.  2.  It  was  adopted  by  Peirce 
for  his  swelling- type  fabrics  of  lighter  weight, 
as  well  as  his  cotton  firehose.  3.  The  oxford 
allows  the  use  of  a  large  number  of  warp  ends 
(high  sley),  was  of  interest  to  the  Quarter- 
master Corps,  and  was  later  described  as  the 
"tightest  of  the  conventional  weave"  (16).  4. 
It  met  some  of  the  important  requirements  to 
be  discussed  below. 

In  oxford  weave  two  threads  are  laid  to- 
gether and  woven  as  one,  so  that  they  corres- 
pond roughly  with  a  wider,  flatter  single  warp 
end.  Requirements  met  by  this  weave  are 
illustrated  by  a  linen  firehose  which  represents 
an  almost  ideal  case  (Figure  1).  The  warp  has 
a  large  amount  of  crimp  and  the  filling  almost 
none,  so  that  the  filling  lies  in  a  "plane"  of  max- 
imum density  flatwise  through  the  center  of 
the  cloth.  Hence,  one  might  say  that  the 
greatest  width  of  the  filling  yarn  lies  in  the 
plane,  and  since  all  warp  ends  pass  up  or 
down  through  it  the  greatest  possible  number 
of  times  it  constitutes  a  plane  of  maximum 
density.  In  such  a  structure  the  yarns  can  be 
expected  to  swell  against  each  other  with  a 
minimum  tendency  toward  deflection  from  the 
plane.  Thus  the  oxford  weave  should  con- 
tribute toward  the  best  possible  tightness  and 
the  most  effective  swelling  in  this  central 
plane. 

A  similar  arrangement  of  yarns  was  found 
in  a  much  lighter  weight  oxford  fabric.  A  sec- 
tion (Figure  2)  which  was  cut  flatwise  showed 
the  filling  yarns  as  of  nearly  uniform  and  ap- 
proximately equal  widths,  lying  equally  spaced 
between  the  warp  ends.  This  means  that  the 
filling  had  very  little  crimp  and  lay  mainly 
in  a  central  plane  of  maximum  density. 

In  seven  samples  of  Ventile  oxfords  of  tight 


construction,  the  filling  was  found  to  be  some- 
what distorted  from  the  central  plane,  al- 
though the  "best"  of  the  group,  identified  as 
LM-5  (Figure  3),  shows  the  cut  ends  of  the  fil- 
ling nearly  in  a  straight  line,  indicating  that 
they  were  nearly  in  a  central  plane. 

Another  Ventile  fabric  (L-32),  cut  across  the 
filling  while  dry,  shows  the  yarns  not  well  in 
line,  but  a  section  cut  while  the  fabric  was 
wet  and  swollen  shows  the  fabric  shrunken 
and  considerably  changed  in  shape  and  the 
filling  yarns  well  alined  as  though  in  a  cen- 
tral plane  (Figure  4).  However,  this  may  not 
represent  the  actual  state  in  an  uncut  swollen 
fabric,  because  sections  made  in  the  other  di- 
rection, across  the  warp  (Figure  5),  were  not 
consistent  with  the  filling  sections,  either  wet 
or  dry,  and  failed  to  show  the  filling  lying 
in  a  straight  line  and,  therefore,  centrally  with- 
in a  plane. 

The  general  conclusion  is  that  there  must 
be  a  zone  of  maximum  density  through  a  fabric 
to  enable  it  to  close  by  swelling,  but  that  this 
zone  may  have  appreciable  thickness  and  not 
always  follow  a  theoretical  plane  through  the 
center  of  the  fabric. 

As  a  possible  disadvantage,  it  is  generally 
recognized  that  high-sley  oxford  fabrics  are 
low  in  tear  strength,  which  would  be  particu- 
larly objectionable  in  military  fabrics.  Peirce' 
stated,  however,  that  in  his  experience  they 
had  given  very  little  trouble  from  tearing. 

A  few  plain  weaves  comparable  to  some  of 
the  oxford  fabrics  of  high  pickage  were  made, 
and  found  similar  in  closing  capacity.  It  is 
understood  that  the  Quartermaster  Corps  has 
expressed  the  opinion  that  a  tight  plain  weave 
could  be  employed  for  slightly  better  water 
resistance  when  tear  strength  was  not  a  limit- 
ing factor.  The  greater  portion  of  the  re- 
search to  be  reported  is  equally  applicable  to 
both  plain  and  oxford  goods. 


'  Private  communication,  F.  T.  Peirce. 


Finally,  if  two  warp  ends  woven  as  one  are 
considered  preferable  to  the  single  ends  of  a 
plain  weave,  more  warp  ends  might  seem  still 
better.  However,  when  a  filling  thread  cros- 
ses even  two  warp  ends  it  begins  to  take  on  the 
character  of  a  float;  if  it  crossed  3  or  4  ends 
it  might  really  act  like  a  float.  The  presence 
of  floats  is  objectionable  because  if  a  cloth  in- 
tended to  be  self-sealing  has  floats,  segments  of 
the  yarns  swell  along  the  cloth  where  they  are 
ineffective,  and  the  yarns  pass  through  the  crit- 
ical plane  fewer  times,  resulting  in  a  looser 
structure,  less  easily  closed.     The  reasons  for 


the  selection  of  the  oxford  weave  have  seemed 
adequate  for  the  use  of  this  construction  for 
the  comparative  studies  of  different  cottons, 
yarn  treatments,  and  effects  of  finishing  on 
swelling- type  fabrics.  No  record  is  known 
of  different  styles  of  construction  being 
thoroughly  studied  from  the  swelling  point  of 
view.  Preference  for  other  constructions,  such 
as  sateens,  for  water-resistant  fabrics  is  based 
on  overall  performance  where,  apparently, 
closing  by  swelling  is  not  an  important  factor 
in  meeting  the  requirements. 


IMPROVEMENT  THROUGH  SELECTION  OF  COTTON 


Some  cottons  appeared  to  have  properties, 
aside  from  staple  length,  which  made  them 
more  suitable  than  others  for  swelling-type 
fabrics.  This  was  apparent  from  the  fact  that 
yarns  of  similar  structure  made  from  different 
cottons  allowed  different  amounts  of  seepage 
of  water  in  an  orifice  test  (35).  In  this  test, 
samples  of  yarn  of  equal  lengths  and  weights 
in  orifices,  really  holes  through  metal  blocks, 
are  put  under  pressure  of  water  containing 
a  wetting  agent,  to  swell  the  cotton,  and 
amounts  of  seepage  through  it  are  measured. 
Orifices  are  not  fully  closed  in  the  usual  tests 
for  two  reasons:  First,  it  is  too  difficult  and 
impractical  to  insert  enough  dry  cotton  yarn 
in  an  orifice  to  fully  block  it  after  the  cotton 
is  swollen.  Second,  differences  between  cot- 
tons, or  tendencies  arising  from  changes  in 
other  variables,  can  be  observed  when  there  is 
seepage  instead  of  complete  closing. 

The  contribution  by  swelling  of  different 
yarns,  or  different  cottons  in  yarn  form,  to 
closing  capacities  of  fabrics  have  been  judged 
very  satisfactorily  by  means  of  orifice  test 
seepages  because  yarn  drawn  tightly  into  an 
orifice  has  much  in  common  with  yarn  in  a 
dense  oxford  fabric.  Tables  which  follow 
show  that  the  general  behavior  of  comparable 
grey  fabrics  made  from  different  cottons,  in 
resisting  passage  of  water,  corresponded  very 
well  with  the  results  of  orifice  tests  on  their 
constituent  yarns. 

When  yarns  made  from  various  cottons 
were  tested  there  was  less  seepage  through 
those  made  from  cottons  containing  the  larger 
proportions   of  immature   fibers,   which   indi- 


cated that  such  fibers  have  a  greater  closing 
capacity;  the  obvious  implication  was  that  im- 
mature fibers  swell  more  than  mature  fibers. 

There  now  appear  to  be  differences  in  the 
swelling  in  water  of  different  cottons,  de- 
pending upon  the  presence  of  more  or  less  im- 
mature fiber.  No  entirely  acceptable  quan- 
titative expression  had  been  obtained  for  great- 
er swelling  of  immature  cotton,  in  spite  of  ex- 
tensive study  (23,  36,  37).  Subsequent  adapt- 
ation of  the  use  of  the  centrifuge  has  indicat«i 
swelling  capacities  of  about  52%  and  73%  for 
mature  and  immature  raw  cotton  (Part  V). 
While  these  figures  may  seem  high,  they  are 
consistent  with  the  amount  of  swelling  de- 
termined necessary  to  stop  the  flow  of  water 
in  an  orifice  test.  The  usual  test  sample  of 
air  dry  cotton  yarn  occupies  66 /{  of  the  orifice 
volume.  Some  cottons  swell  enough  to  nearly 
close  off  the  remaining  34%  of  air  space.  If 
air  dry  cotton  is  assumed  to  contain  7/{  of  re- 
gain, an  equivalent  amount  of  dry  cotton  would 
have  to  swell  by  nearly  69%  to  just  fill  that 
space.  The  "dry  cotton"  base  for  this  value 
is  the  volume  of  cotton  equivalent  to  its  den- 
sity in  water,  1.61(17,  p. 95).  To  this  volume, 
amounts  of  regain  (by  weight)  are  additive  as 
amounts  of  swelling  (by  volume)  (See  Part  V, 
Special  Methods). 

Effect  of  Size  of  Fiber.  Differences  in  seep- 
age or  degree  of  closing  in  orifice  tests  may 
result  from  differences  in  the  capillary  systems 
within  yarns  as  determined  by  the  differences 
in  size  alone  of  mature  and  immature  fibers. 
As  indirect  evidence,  seepage  through  the  non- 
swelling  fiber  vinyon  was  much  slower  through 


samples  with  fine  filaments  than  through  a 
sample  of  equal  weight  with  coarse  filaments 
(Table  I).  Similar  results  were  obtained  with 
highly  swellable  fibers,  three  rayons  which 
were  essentially  alike  except  in  filament  den- 
ier. 

In  another  procedure  to  demonstrate  the 
effect  of  fiber  size  without  the  complication  of 
swelling,  a  nonswelling  liquid  was  used  in  the 
orifice  test  The  immature  cotton  retarded 
its  flow  more  than  the  mature  cotton  but  not 
to  so  great  a  relative  degree  as  when  water  was 
used  (35).  Hence  it  is  apparent  that  the  finer 
(immature)  cotton  fibers  act,  according  to  their 
size,  in  the  same  way  as  the  finer  filaments  of 
other  fibers  to  contribute  significantly  to  extra 
closing  capacity.  They  should  similarly  re- 
tard leakage  of  water  through  fabric  not  fully 
closed  by  swelling,  but  would  hardly  come  into 
effect  at  complete  closing.  As  shown  later, 
the  fine,  immature  fibers  may  contribute 
greatly  also  to  low  air  permeability,  a  related 
phenomenon.  The  possible  difference  in  sizes 
and  in  corresponding  numbers  of  fibers  is  illus- 
trated by  two  cottons  used  in  comparable 
fabrics  (Part  III).  The  cottons  were  reported 
as  of  5.6  and  3.6  micrograms  per  inch  weight- 
fineness,  for  the  mature  and  the  immature 
respectively.  Hence  the  immature  had  55.5% 
more  fibers  in  the  cross  section  of  an  orifice 
test  sample  of  a  given  weight  than  the  mature 
cotton,  and  a  correspondingly  finer  distribution 
of  the  air  space.  Actually,  of  course,  when  such 
samples  are  wet  it  becomes  a  question  of  the 
relative  sizes  of  the  fibers  after  swelling  and  of 
the  correspondingly  smaller  spaces  between 
them,  which  are  unknown  quantities. 

Effective  Amounts  of  Immature  Cotton.  Any 
appreciable  contribution  of  greater  closing 
capacity  by  immature  fibers  will  necessarily 
depend  upon  their  amount,  but  this  is  not  suit- 
ably represented  by  the  maturity  value.  The 
maturities  of  the  two  cottons  (above)  were  re- 
ported (20)  as  92%  and  44%,  corresponding  to 
8%  and  56%  of  immature  fibers,  respectively. 
These  values  are  percentages  by  numbers  of 
fibers,  but  the  cottons  must  actually  behave  in 
most  respects  according  to  proportions  by 
weight.  In  order  to  estimate  these  propor- 
tions, assumptions  were  made  that  the  mature 
fibers  in  the  two  cottons  were  alike,  that  the 
immature  fibers  were  alike,  and  that  the  sig- 


nificant difference  was  in  their  proportions. 
Then  the  weights  per  unit  length  of  mature 
and  of  immature  fibers  were  calculated  from 
the  data  given,  as  5.93  and  1.78  micrograms 
per  inch,  respectively.  From  these  values,  the 
relative  weights  of  immature  fibers  in  orifice 
test  samples  (or  in  comparable  fabrics  of  equal 
weight),  of  these  mature  and  immature  cottons, 
were  calculated  as  2.5%  and  27.6 -a.  Thus, 
while  there  were,  by  count,  7  times  as  many 
immature  fibers  in  the  more  immature  cotton 
as  in  the  mature,  there  was  11  times  as  much 
immature  cotton  by  weight,  because  of  the 
55.5%  more  total  fibers  in  a  given  weight.  If 
immature  fibers  swell  appreciably  more,  they 
should  contribute  greater  closing  in  accordance 
with  the  weight  present. 

Orifice  seepages  of  these  same  two  cottons 
were  in  the  ratio  of  about  12  to  1,  so  it  seems 
clear  that  the  finer  capillary  system  or  the 
possible  greater  swelling  associated  with  im- 
mature cottons,  either  or  both,  might  exert  a 
considerable  influence  on  the  closing  of  an 
orifice  or  of  a  swelling-type  fabric. 

Although  the  weight  relationships  are  im- 
portant, the  more  familiar  terms,  maturity 
and  fineness,  are  used  in  the  succeeding  des- 
criptions and  discussions  of  the  cottons  used, 
and  of  yarns  and  fabrics  made  from  them. 

Noncellulosic  Constituents.  The  presence 
of  greater  proportions  of  swellable  noncellu- 
losic constituents,  particularly  pectin,  has  been 
suggested  as  a  cause  for  the  greater  closing 
capacities  of  immature  cottons.  It  seems  un- 
likely that  pectin  had  any  great  specific  effect, 
because  the  pectin  (estimated  from  analyses 
(2a)  as  0.56%  and  1.23%  respectively,  for  cot- 
tons of  92%  and  44%  maturity)  would  appar- 
ently have  had  to  swell  to  a  much  greater  de- 
gree than  the  cotton  itself  for  the  extra  0.67% 
of  pectin  to  be  determinative. 

Further,  that  the  noncellulosic  constituents 
do  not  exert  an  important  effect  through  swell- 
ing has  been  shown  by  orifice  tests  on  cotton 
yarns  before  and  after  purification  treatments 
(Table  II).  Two  major  noncellulosic  constit- 
uents, protein  and  pectin,  are  completely  re- 
movable for  all  practical  purposes,  and  several 
other  noncellulosic  materials  partially  remov- 
able by  boiling  in  dilute  sodium  hydroxide. 
Hence  samples  of  the  yarns  were  boiled  in  2% 
solutions  of  sodium  hydroxide,  in  an  open  ves- 


sel  for  2  hours  and  other  samples  for  6  hours 
in  a  kier  at  15  lb.  pressure.  The  orifice  seepage 
values  for  each  yarn  were  changed  relatively 
little  by  either  boil  and,  more  important,  the 
ratios  of  seepages  from  cotton  to  cotton  re- 
mained practically  the  same  whether  boiled 
or  unboiled.  That  is,  pectin  was  not  determina- 
tive because  its  removal  did  not  cause  the 
seepage  of  the  immature  cotton  to  approach 
the  higher  values  of  the  mature.  The  treated 
cottons  swelled  to  so  nearly  the  same  degree 
as  the  cottons  with  the  original  noncellulosic 
constituents  that  virtually  no  extra  closing 
effect  can  be  attributed  to  these  constituents. 
There  was,  however,  an  indication  by  higher 
seepage  of  a  small  loss  in  swelling  capacity  by 
each  of  the  open-boiled  cottons  which  may 
correspond  with  the  similar  reduction  of  swell- 
ing from  open  scouring  in  finishing  (Part  IV 
and  V). 

Packing  of  Fibers.  It  has  been  suggested 
that  better  packing  of  immature  fibers  may 
contribute  to  their  better  closing  capacity. 
However,  with  a  sample  of  given  weight  in  an 
orifice  of  fixed  size,  better  packing  of  a  high 
proportion  of  immature  fibers  would  apparent- 
ly not  contribute  to  better  closing,  because  it 
would  result  in  either  open  space  or  less  well- 
packed  fibers  in  some  part  of  the  orifice  and 
cause  a  tendency  toward  relatively  greater 
seepage. 

As  more  direct  evidence,  fabrics  made  from 
immature  fibers  were  found  not  to  be  consist- 
ently thinner,  as  they  should  have  been  if  the 
fibers  could  consistently  pack  together  in  the 
yarn  and  cloth  appreciably  better  than  mature 
fibers.     Rather,  out  of  9  pairs  of  fabrics  made 


from  4  pairs  of  yarns  representing  mature  and 
immature  cottons,  7  of  the  fabrics  made  from 
immature  cotton  were  thicker,  rather  than 
thinner  (Part  III  and  IV). 

Tests  Used  in  Selection  of  Cotton.  Since 
the  results  of  the  orifice  test  depend  on  the 
same  factors  that  are  considered  in  selection  of 
yarns  for  swelling-type  fabrics,  this  was  the 
test  preferred  whenever  it  could  be  employed. 
The  more  familiar  and  convenient  methods 
applicable  to  cotton  fiber  can,  however,  be 
used.  These  methods  include  microscopic  ex- 
amination of  fiber  cross  sections;  differential 
dyeing  (15)  which  readily  indicates  the  pres- 
ence of  any  great  number  of  immature  fibers; 
conventional  methods  for  the  determination  of 
maturity;  and  methods  of  estimation  of  fine- 
ness by  airflow,  from  which  maturity  is  some- 
times inferred.  Cottons  selected  by  such 
methods  for  immaturity  or  fineness  can  be 
expected  to  make  effective  water-resistant 
fabrics,  if  they  do  not  have  to  be  scoured.  The 
most  immature  cottons  were  not  succesful  for 
finished  fabrics  (Part  III)  where  scouring  was 
required.  Fine,  mature  cottons  seem  promis- 
ing, but  there  was  not  opportunity  to  do  suffi- 
cient work  with  them. 

The  centrifuge,  which  can  be  used  for  the 
estimation  of  swelling,  offers  a  more  direct 
test  for  the  selection  of  cotton  or  of  yarns  for 
swelling-type  fabrics.  The  technique  employ- 
ed was  not  published  until  after  most  of  the 
present  experimental  work  was  completed,  so 
it  was  not  used  with  the  raw  cottons.  Rela- 
tive values  were  obtained  for  a  group  of  yarns 
(Part  IV),  and  swelling  was  estimated  in  con- 
nection with  the  study  of  finishing  (Part  V). 


IMPROVEMENT  IN  THE  YARN 


Properties  of  linen  and  cotton  yarns  re- 
quired for  use  in  unlined  firehose  were  dis- 
cussed in  an  earlier  article  (14).  These  prop- 
erties of  linen  yarns  include  high  strength, 
high  bulk  density,  (low  air  space),  low  twist, 
and  low  elongation,  in  addition  to  good  swell- 
ing capacity.  The  requirements  are  much  the 
same  for  yarn  for  other  swelling-type  fabrics. 

Peirce  and  Gardiner  (26,  27)  recommended 
yarn  (undoubtedly  combed)  of  low  twist,  the 
latter  allowable  because,  with  long  staple  cot- 
ton, a  low  twist  would  still  give  adequate  yarn 


strength.  Peirce  also  emphasized  the  need  for 
smooth  uniform  yarn  (25),  which  implies 
combing  is  advisable,  and  no  doubt  necessary 
for  fabrics  of  light  weight,  most  of  the  present 
work  was  done  with  carded  yarn.  Yarns  made 
from  the  most  immature  cottons  were  very 
rough  and  uneven  but  were  effective  especial- 
ly in  the  fabrics  before  finishing.  Results 
might  even  be  better  in  some  instances  with 
carded  yarns;  for  example,  they  showed  16% 
less  seepage  in  orifice  tests  of  8  pairs  of-  com- 
parable combed  and  carded  yarns  made  from 


Acala  1517  cotton.  Singles  and  plied  yarns, 
and  twist  multipliers  from  1.7  to  6.2  were  in- 
cluded; 256  observations  were  made  on  each 
group,  carded  and  combed,  with  few  inconsis- 
tencies. The  use  of  carded  yarns  is  indicated 
for  coarse  and  heavy  goods,  although  a  pro- 
nounced difference  in  seepage  alone  would  not 
determine  whether  any  particular  fabric  should 
be  made  from  carded  or  combed  yarns. 

Low  twist  (25)  in  a  yarn  would  seem  to  offer 
the  advantage  of  imposing  less  restraint  on 
swelling  than  high  twist,  and  orifice  tests  (35) 
showed  a  pronounced  trend  to  less  effective 
closing  with  high  twists.  However,  for  ox- 
ford fabrics  within  the  range  of  twists  which 
could  be  used  with  American  cotton  there  was 
relatively  little  difference.  At  one  extreme, 
strands  of  fibers  not  twisted  had  exceptionally 
good  closing  capacity  in  the  orifice  test  and 
thus  indicated  that  soft  yarns  might  be  ex- 
pected to  pack  together  better  than  hard  yarns 
in  the  weaving  of  a  fabric  to  yield  a  more 
uniform  structure.  In  the  other  direction, 
high  twist  should  offer  the  advantage  of  mak- 
ing yarns  of  higher  bulk  density  with  less  in- 
ternal air  space  to  be  filled  by  swelling,  al- 
though they  may  tend  to  be  rounder  and  harder 
upon  wetting,  instead  of  swelling  readily  into 
adjacent  space. 

Twists  of  yarns  for  swelling-type  fabrics  to 
be  made  from  ordinary  cotton  will  necessarily 
be  determined  by  the  practical  considerations 
of  manufacturing  of  yarn  for  satisfactory  cost, 
spinning,  and  weaving  rather  than  by  small 
possible  advantages  in  swelling  capacity. 
Singles,  or  plied  yarns  of  relatively  high  twist, 
can  be  used  as  fillings. 

Ordinary  differences  in  twist  are  not  very 
significant  for  tight  fabrics  such  as  were  wov- 
en, because  swelling  of  the  cotton  in  them  is 
affected  more  by  the  density  of  the  resulting 
fabric  than  by  that  of  the  yarn  before  weaving 
(Part  V). 

Warp  yarns  were  all  plied  with  moderate 
twist  opposite  in  direction  to  that  of  the  sin- 
gles; and  all  fabrics  were  woven  without  warp 
sizing,  which  has  several  advantages:  1.  The 
effects  of  using  different  cottons  can  be  com- 
pared, unchanged  from  their  natural  state  ex- 
cept by  mechanical  processing.  2.  Fabrics 
of  different  construction  can  be  compared,  un- 
influenced  by   added   size,   by   wet   treatment 


necessary  to  remove  size,  or  by  any  possible 
residual  size.  3.  There  is  no  uncertainty  con- 
cerning the  increased  interfiber  and  interyarn 
space  which  might  result  from  the  removal  of 
size  and  would  need  to  be  closed  by  swelling. 

Since  the  filling  yarn  does  not  need  to  be 
plied^,  the  use  of  singles  equivalent  to  a  plied 
yarn  would  mean  lower  cost  and  some  relief 
in  case  of  a  shortage  of  twisting  capacity.  Two- 
ply  filling  was  used  in  most  of  the  present 
work,  but  where  comparisons  were  made  with 
filling  of  equivalent  singles,  there  was  little 
difference  in  overall  performance  (  Part  II ) . 
While  three-ply  yarn  is  supposed  to  have  ad- 
vantages in  roundness  or  fullness  of  cross  sec- 
tion in  evenness,  the  yarns  available  were  best 
used  as  two-ply.  Also,  all  but  2  of  10  yarns 
used  in  the  7  light-weght  Ventile  fabrics  men- 
tioned earlier  were  two-ply. 

Low  elongation  is  necessary  in  yarns  for 
firehose  so  that  the  hose  wall  will  not  stretch 
unduly  and  leak  under  water  pressure.  Of  vari- 
ous methods  tried  for  processing  yarn  while 
wet  under  tension  to  reduce  its  elongation 
before  weaving  into  firehose,  the  only  one  con- 
sidered promising  for  oxford  fabrics  was  yarn 
mercerization.  This  process  was  employed  by 
Peirce  and  Gardiner  (26,  27)  for  firehose, 
but  is  understood  as  not  necessarily  used  for  the 
yarns  going  into  all  of  the  Ventile  fabrics.  Ob- 
servation under  the  microscope  of  fibers  from 
6  such  fabrics  indicated  that  at  least  3  of  them 
were  mercerized,  probably  as  yarn.  Merceri- 
zation under  tension  adds  somewhat  to  the 
closing  effect  of  cotton  (Part  II),  presumably 
largely  through  an  increase  in  swelling  capaci- 
ty; reduces  yarn  stretch:  makes  the  yarn  more 
compact;  and  enables  it  to  pack  into  cloth  with 
less  free  air  space  to  make  swelling  more  effect- 
ive. 

Need  for  adjustment  in  fabric  construction 
would  be  expected  in  order  to  obtain  the  best 
possible  result  from  improvement  of  the  yarn 
by  any  process  which  would  make  it  more  com- 
pact. A  tendency  to  greater  openness  of  tex- 
ture, such  as  one  actually  observed  (Part  II, 
Table  I),  could  be  offset  by  the  use  of  heavier 
yarns  or  closer  weaving;  but  further  redesign- 
ing might  be  required  to  avoid  undue  gain  of 
weight  in  matching  a  given  fabric  made  from 
similar  ordinary  yarns. 


USE  OF  A  SUPPLEMENTARY  SWELLABLE  MATERIAL 


If  the  starch  of  warp  size  could  be  left  in  the 
goods,  unchanged,  without  fear  of  loss  or  de- 
compositon  later,  it  would  help  close  a  fabric 
by  swelling,  as  was  indicated  by  orifice  tests 
on  sized  yarn.  It  is  quite  obvious  that  a  perm- 
anent size,  swellable  upon  wetting,  which 
would  not  interfere  with  dyeing  or  other  nec- 
essary processing,  might  be  very  desirable  for 
some  swelling-type  fabrics,  especially  for  uses 
other  than  as  clothing. 

The  problem  of  producing  a  swelling-type 
unlined  cotton  firehose  from  ordinary  Ameri- 
can cotton  was  solved  (14)  by  introducing  into 
the  yarn  a  supplementary  swellable  material 
which  would  not  dissolve  in  water.  When  the 
varn  was  woven,  it  carried  into  the  fabric  this 
additional  material  as  a  permanent  part  of  the 
structure,  where  it  not  only  filled  a  small  per- 
centage of  space,  but,  when  wet,  aided  in  clos- 
ing the  fabric  by  swelling  into  some  of  the 
most  critical  remaining  space.  It  can  be  easily 
seen,  from  Figure  1,  that  if  a  swellable  agent 
was  added  to  the  yarn  it  would  contribute  to- 
ward closing  the  fabric  in  the  critical  plane, 
better  than  if  applied  to  the  cloth  surface.  It 
would  be  present  where  the  swelling  is  most 
needed  and  it  would  not  readily  come  out 
from  wear. 

The  only  promising  swellable  material 
found  was  Ceglin,  a  commercial  hydroxy  ethyl 
cellulose  which  makes  up  with  caustic  soda 
and  water  to  a  paste  which  can  be  padded  onto 
yarn.  After  neutralizing,  washing,  and  dry- 
ing, the  treated  yarn  is  usually  more  compact 
from  the  incidental  squeezing  and  the  adhesive 
effect  of  the  cellulose  derivative;  and  is  more 
suitable  for  weaving  into  a  tight  fabric  with 


a  minimum  of  air  space.  The  same  material, 
as  applied  to  firehose,  was  used  on  yarn  woven 
into  fabrics  of  lighter  weight,  with  the  predict- 
ed result  of  improving  their  water  resistance. 
It  is  virtually  a  permanent  size  although  it 
was  put  on  both  warp  and  filling  (Part  II). 

It  would  be  much  simpler  to  treat  the  fabric 
than  the  yarn,  but  the  swellable  material  ap- 
plied to  the  goods  after  weaving  could  not  be 
effective  unless  enough  was  used  to  fill  or  coat 
the  fabric.  However,  the  Army  had  a  water 
bag  which  apparently  met  requirements,  made 
from  cotton  duck  impregnated  and  coated  in 
Ihe  piece  in  a  manner  which  was  no  doubt 
simpler  than  using  treated  yarn  (1). 

In  addition  to  the  other  requirements,  the 
added  material  should  not  scour  out  if  the  goods 
are  to  be  finished,  and  it  should  dye  like  the 
cotton.  The  hydroxy  ethyl  cellulose  had  a 
greater  attraction  than  cotton  for  direct  and 
vat  dyes,  and  tended  to  cause  a  mottled  appear- 
ance when  treated  cloth  was  dyed  in  the  piece. 

An  added  material,  if  too  soft  at  the  relative 
humidity  of  the  weave  room,  may  cause  diffi- 
culty from  shedding  or  rubbing  off  during 
weaving.  A  fabric  with  an  added  swellable 
agent  might,  though  swelling  easily  and  closing 
effectively,  wet  through  readily  so  that  it  would 
be  objectionable  for  clothing.  The  addition 
of  any  appreciable  amount  of  swellable  mater- 
ial to  yarns  intended  for  fabrics  of  closely  speci- 
fied weight  per  square  yard  might  necessitate 
redesigning  of  the  fabric  to  allow  for  the  extra 
weight.  It  is  evident  that  supplementary 
swellable  material  is  of  rather  limited  use  un- 
less needed  for  some  special  purpose. 


IMPROVEMENT  IN  CLOSENESS  OF  WEAVE 


A  possible  change  in  fabrics  to  improve  their 
closing  by  swelling  was  tighter  weaving.  Al- 
though the  numbers  of  warp  ends  were  con- 
sidered to  be  near  the  maxima  that  could  be 
used,  the  possibility  of  increasing  the  number 
"of  filling  picks  was  suggested  by  the  Kreuz- 
walke,  (cross  rod  cradle),  which  had  been  re- 
ported from  Germany.  A  replica  of  this  de- 
vice was  constructed  in  the  Cotton  Mechanical 
Laboratory,  and  the  first  fabrics  of  increased 
pickage  were  woven  with  it  on  the  loom.     Im- 


proved loom  attachments  were  then  developed 
(21)  and  were  used  in  weaving  later  fabrics 
which  had  up  to  36  9<  more  picks  per  inch  than 
fabrics  made  heretofore  for  the  same  purposes. 
Pronounced  improvements  can  be  made,  with 
only  moderate  increases  in  weight  per  square 
yard. 

Cover  factor  is  important  in  the  design  of 
closely  woven  fabrics  and  affords  a  means  for 
comparisons  of  fabrics  which  are  similar.     In 


investigations  of  water-resistant  fabrics  (16,  p. 
117)  it  was  noted  that  the  sum  of  the  warp  and 
filling  cover  factors  will  serve  as  an  index  of 
the  overall  cover  factor  or  "closeness"  of  the 
weave.  It  was  concluded  from  the  tests  which 
correspond  best  with  rainfall  that  thickness 
and  tightness  are  the  two  most  important  fac- 
tors in  fabric  construction  with  respect  to  pene- 
tration and  absorption  of  water.  Thickness 
is  necessarily  limited  by  the  weight  allowable. 
The  combined  cover  factor  should  be  at  least 
45  for  oxford  fabrics. 

Seven  Ventile  fabrics  of  about  4  to  8  oz.  /  sq. 
yd.  had  cover  factors  of  45.4  to  51.5.  Many  of 
the  fabrics  of  the  present  investigation  have 
had  factors  above  46,  as  shown  in  tables  that 
will  follow.    A  very  high  cover  factor  in  an 


unsuitable  weave  may  not  ensure  effective 
closure  by  swelling.  There  were  considerable 
differences,  also,  in  water  resistance  between 
some  of  the  comparable  fabrics  made  from  dif- 
ferent cottons  even  though  cover  factors  land 
constructions )   were  the  same. 

There  seems  to  be  very  little  opportunity 
for  improvement  of  water  resistant  fabrics 
through  finishing  except  by  avoiding  harmful 
practices.  Effects  of  finishing  are  discussed 
later  (Parts  IV  and  V).  Possible  improvement 
of  water  resistance  by  new  or  better  water  re- 
pellency  treatments  was  outside  the  scope  of 
this  investigation;  it  is  assumed  that  in  com- 
mercial production,  advantage  can  be  taken  of 
any  new  development  that  adds  to  repellency. 


CAPILLARY  SYSTEMS  IN  WATER-RESISTANT  FABRICS 


The  minute  spaces  between  fibers  in  yarns, 
and  spaces  between  yarns  in  fabrics  are  re- 
garded as  capillary  systems.  For  example, 
the  seepage  in  an  orifice  test  shows  that  there 
is  a  continuous  system  of  pore  spaces.  The 
combined  effect  of  the  pores  or  capillaries  was 
shown  in  two  ways  to  be  like  that  of  a  capillary 
tube:  1.  Seepage  through  samples  of  cotton 
yarn  in  a  hole  through  a  thin  metal  plate  was 
in  inverse  proportion  to  that  through  a  similar 
but  longer  hole  in  a  thicker  plate.  2  Seepage 
through  fine-filament,  nonswelling  vinyon 
yarn  was  proportional  to  pressure. 

Fabrics  have  similar  but  more  complex 
capillary  systems.  Some  of  the  pores  or  capil- 
laries spiral  along  the  yarns  in  the  direction 
of  the  twist,  like  some  of  the  pores  in  the  oriffce 
test  samples.  It  is  generally  true  that  cotton 
yarns  are  dense  at  the  center  and  decrease  in 
density  outward.  As  yarns  lie  in  fabrics  they 
may  press  tightly  together  but  some  of  the 
contacts  of  yarns  are  through  less  dense  re- 
gions, and  there  may  even  be  holes  at  inter- 
sections. With  tighter  weaving  the  pores 
tend  to  become  smaller,  and  it  can  be  assumed 
that  the  interyarn  pores  tend  to  approach  the 


interfiber  pores  in  size.  If  such  equalizing 
could  be  attained,  the  fabric  would  constitute 
a  homogeneous  capillary  system.  This  ideal  is 
probably  not  attainable,  and  the  resistance  to 
penetration  by  water  of  high  sley  oxford  fab- 
rics, for  example,  may  be  due  in  greater  degree 
to  interfiber  pores  between  yarns  than  to  inter- 
fiber pores  within  yarns.  Leakage  of  water 
through  cloth  takes  place  through  the  less 
dense  region  or  even  through  holes,  for  there 
is  probably  never  a  completely  uniform  tex- 
ture. Hence  any  improvement  with  density 
can  hardly  be  a  change  from  one  overall  uni- 
form density  to  another,  and  comparisons  in 
this  study  are  made  between  fabrics  which  are 
not  completely  uniform. 

The  fabric  pore  systems  are  regarded  as 
generally  similar  to  capillary  tubes  with  re- 
spect to  passage  of  either  air  or  water,  al- 
though there  has  been  no  simple  check  on  such 
similarity.  There  is  an  entirely  unknown 
change  in  size  of  pores,  also,  when  fabrics  be- 
come swollen,  which  results  in  new  capillary 
systems.  However,  the  experimental  fabrics 
of  subsequent  papers  are  regarded  as  repre- 
senting for  some  purposes  capillary  systems. 


"THEORY"  OF  WATER  RESISTANCE 


The  effort  throughout  this  work  to  make 
dense  fabrics  may  seem  inconsistent  with  some 
of  the  stated  requirements  for  water  resistance. 


However,  it  should  be  noted  first  that  the 
term  "water-resistance"  is  not  always  used  in 
the   same   sense.     Baxter  and   Cassie   (8),   for 


example,  were  discussing  repellency,  wetting, 
and  penetration,  and  thinking  mainly  of  wool 
fabrics,  when  they  said  that  dense  fabrics  are 
not  suitable;  that  fibers  should  be  far  apart 
and  not  able  to  draw  together;  and  that  yarns 
of  high  density  give  conditions  favorable  to 
ease  of  wetting  and  breakdown  under  rain. 
Obviously  they  did  not  refer  to  conditions  fav- 
orable to  closing  by  swelling;  such  conditions 
may  not  be  the  most  favorable  for  water  re- 
pellency. Baxter  and  Cassie's  wool  fabrics 
were  not  of  as  high  densities  as  swelling-type 
cotton  fabrics.  They  go  on  to  say  that  the  con- 
stituent yarns  should  be  soft  so  that  their 
density  is  not  very  different  from  the  overall 
density  of  the  cloth,  which  should  be  as  uni- 
form as  possible.  On  the  other  hand,  cotton 
fabrics  to  close  by  swelling  should  be  uniform- 
ly dense  rather  than  uniformly  soft,  as  already 
explained. 


Segall  (32)  published  a  theory  of  water-re- 
sistant fabrics  relating  to  yarn  properties  re- 
quired for  fabrics  of  a  given  density  to  have 
maximum  water  resistance.  It  has  to  do  with 
penetration  and  presents  a  relationship  be- 
tween the  pore  sizes  in  the  fabric  and  the 
interf iber  distances  on  the  surfaces  of  the  yarn 
comprising  the  fabric  pore  walls.  While  this 
factor  should  possibly  be  taken  into  account 
under  some  circumstances,  this  theory  is  not 
having  further  attention  here  for  several  rea- 
sons. It  was  not  published  until  after  the  pres- 
ent experimental  work  was  practically  com- 
plete. While  concerned  with  the  penetration 
of  water  through  a  fabric,  it  does  not  take  into 
account  effects  of  swelling  of  the  fibers  which 
changes  the  effective  sizes  of  fibers  and  of  pores 
in  the  fabric.  Finally  the  emphasis  in  the 
present  investigation  has  been  on  fabrics  of 
different  densities,  rather  than  on  fabrics  of 
equal  densities  with  changes  in  other  variables. 


SUMMARY 


Considerations  regarding  possible  improve- 
ments of  water-resistant  cotton  fabrics  to  take 
advantage  of  the  swelling  of  the  cotton  have 
been  presented.  These  considerations  include 
factors  in  the  design,  manufacture,  and  finish- 
ing of  such  fabrics,  in  their  more  general  as- 
pects. Reasons  have  been  indicated  for  the 
selection  of  various  conditions  employed  in  the 
experimental  work  to  be  described.  This  more 
general  material  was  taken  up  first  because 
nearly  every  experimental  fabric  has  involved 
two  or  more  of  the  main  factors  or  variables. 
The  oxford  style  of  weave  was  adopted  as  very 
suitable  for  these  fabrics.  The  contribution 
of  swelling  to  water  resistance  depends  upon  a 
plane  or  zone  of  maximum  density  flatwise 
through  the  center  of  the  fabric,  dense  enough 
to  close  by  swelling. 

Early  tests  indicated  possibilities  through 
the  use  of  the  less  mature  cottons,  whose  ad- 
vantage was  subsequently  decided  to  be  attrib- 
utable partly  to  greater  swelling  and  partly  to 
finer  capillary  systems.  Noncellulosic  constit- 
uents do  not  swell  enough  differently  from  the 
cellulose  of  cotton  to  determine  any  advantages 
of  one  cotton  over  another.  Immature  fibers 
can  be  expected  to  respond  in  fabrics  according 


to  their  proportion  by  weight  rather  than  to 
the  number  present.  Immature  fibers  did  not 
pack  together  more  closely  in  fabrics  than 
mature  fibers. 

In  order  to  determine  the  possibilities  for 
the  use  of  American  cottons  of  ordinary  staple 
lengths,  carded  yarns  of  low  to  medium  twists 
were  used  for  most  of  the  fabrics.  Advan- 
tages and  disadvantages  of  sizing  and  of  other 
treating  of  yarn  before  weaving  are  pointed 
out.  Treating  yarn  could  include  the  use  of 
a  supplementary  swellable  material,  as  used 
earlier  in  unlined  firehose. 

Closeness  of  weave  could  be  improved  by 
the  insertion  of  more  picks  per  inch.  The 
yarns  as  submitted  to  orifice  tests,  and  the 
fabrics,  are  regarded  as  capillary  systems  of 
minute  openings  or  pores,  which  differ  from 
fabric  to  fabric  with  fineness  of  cotton  and 
numbers  of  picks  per  inch,  and  which  change 
during  finishing.  Permeabilities  to  air  and  to 
water  are  dependent  upon  these  systems. 

The  indications  were  subsequently  confirmed 
that  swelling  of  the  fibers  may  contribute  ap- 
preciably to  the  water  resistance  of  a  suitably 
constructed  fabric. 


Table  1.     Effect  of  size  of  fiber  on  seepage 
(filament  yarns) 


Table  II.     Effect  of  purification  of  cotton  on  swelling 
(seepages  in  orifice  tests) 


Filament 
denier 

Seepage 

Natvre  of  cotton 
and  of  yarn 

Grey 

yarn 

Open-boiled 

Kier-boiled 

Fiber 

Observed  Ratio  ' 

Observed 

Ratio 

Observed 

Ratio 

ml 

ml 

ml 

ml 

ml 

ml 

Rayon 

6.0 

14.2 

3.4 

Rowden    41B.    8/1 

11.8 

3.6 

13.8 

3.9 

11.0 

3.7 

Rayon 

2.5 

4.9 

1.4 

Acala    1517.    6/1 

6.6 

2.0 

7.2 

2.1 

6.1 

2.0 

Rayon 

1.7 

2.6 

.8 

Wilds    13,    17/1 

3.3 

1.0 

3.5 

1.0 

3.0 

1.0 

Vinyon 

14.3 

31.0 

... 

92% 

Maturity, 

Vinyon 

3.5 

11.3 

... 

13.75/2 

11.9 

11.9 

16.7 

11.0 

12.3 

11.2 

Vinyon 

1.2 

6.6 

44% 

Maturity. 

13.75/2 

1.0 

1.0 

1.5 

1.0 

1.1 

1.0 

'  Ratio  of  seepage  to  that  of  the  lowest  in  each  vertical  group  or  pair 
taken  as  1. 
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Figure  lA.     Section  of  linen  firehose  fabric  cut  across  the  filling  to  show  nearly  ideal  construction. 


Figure  IB.     Section  of  linen  firehose  fabric  cut  along  a  filling  yarn  to  show  that  it  is  not  forced  out  of  line, 
but  is  indented  by  the  warp  ends. 
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Figure  2.     Section  flatwise  through  an  oxford  fabric,  approximately  at  the  plane  of  maximum  density. 


^' 


Figure  3.     Section  across  filling  of  a  V entile  fabric  (LM-5)  showing  that  filling  picks  lie  nearly  in  a  central 
plane. 
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Figure  4.     Sections  across  the  fillin,  of  a  Ventile  fabric  (L-SZ,  4-5  oz.  per  sq.  yd.)  (A)  Dry.    (B)  Wet  ana 
swollen. 
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Figure  5.     Sections  along  a  filling  thread  of  a  Ventile  fabric  (L-32)  (A)  Dry.    (B)  Wet  and  swollen. 
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INTRODUCTION 


In  work  on  water-resistant  fabrics  it  has  be- 
come apparent  that  the  term  "swelling  type" 
needs  a  more  specific  definition.  It  seems 
reasonable  that  the  fabric,  if  it  is  to  be  consid- 
ered of  swelling  type,  should  allow  the  trans- 
mission of  no  water  at  all  or  of  only  some  limit- 
ed quantity  under  specified  conditions  when  it 
is  fully  swollen.  The  setting  up  of  a  definition 
for  swelling-type  fabrics  was  beyond  the  scope 
of  the  present  work,  but  the  need  will  be  par- 
ticularly evident  from  the  special  tests  which 


showed  that  swelling  was  not  as  effective  in 
many  fabrics  as  it  may  have  appeared  to  be 
in  more  con ventionaf  tests  (Table  I). 

Special  attention  is  given  first  to  adaptations 
of  some  of  the  usual  tests  of  water  resistance 
to  bring  out  the  contribution  of  swelling.  Then 
follow  descriptions  of  fabrics  made  from  yarns 
which  were  mercerized  or  had  an  added  sup- 
plementary swellable  substance. 


SPECIAL  TESTS  FOR  SWELLING-TYPE  FABRICS 


In  the  absence  of  recognized  methods  specif- 
ically for  the  evaluation  of  the  effect  of  swell- 
ing, measurements  have  been  made  of  leakage 
through  fabric  samples,  preswollen  by  wetting 
to  eliminate  effects  of  water  repellency,  to 
compare  the  attainable  effects  in  different  fab- 
rics. Some  of  the  usual  tests  for  water  resist- 
ance and  repellency  have  also  been  used  that 
overall  quality  can  be  judged  in  familiar 
terms. 

Preswelling  for  Tests.  There  are  two  prin- 
cipal ways  in  which  cotton  fabrics  can  take 
up  the  water  that  causes  swelling — wetting  by 
liquid  water,  and  absorption  of  water  from  its 
vapor.  Both  have  been  tried  for  preswelling 
samples  of  fabric  for  tests  for  permeability  to 
water  (leakage)  after  swelling. 

Tests  which  include  preswelling  by  water 
have  been  employed  by  others.  A  British 
publication  (3)  indicates  that  "percolation" 
tests  have  been  made  by  soaking  fabric  samples 
in  water  for  24  hours  and  then  observing 
leakage  through  them  at  a  given  head  (100 
cm.).  Minor  et  al.  (22)  reported  less  seepage 
under  hydrostatic  pressure  through  a  cotton 
oxford  fabric  which  was  presoaked  under  a 
100  cm.  head  of  water,  than  through  samples 
of  the  same  fabric  not  presoaked.  In  neither 
reference  was  there  mention  of  prewetting 
to  insure  the  mose  effective  possible  swelling. 

In  the  absence  of  prewetting,  an  air-dry 
tightly  woven  cotton  fabric  immersed  in  water 
will  retain  more  or  less  air  which  may  ulti- 
mately be  displaced,  or  be  dissolved  in  the 
water.     Such  air  should  become  saturated  at 


once  with  water  vapor,  which  can  then  be  taken 
up  by  the  fiber  to  cause  swelling.  Swelling 
in  this  way  could  supposedly  become  complete. 
A  complicating  factor  is  that  a  fabric  exposed 
to  water  vapor  can  not  only  swell  but  may 
retain  entrapped  air  in  such  a  way  as  also  to 
increase  the  water  resistance  (Part  V). 

Hence,  the  long-time  soaking  of  fabric  not 
prewetted  seemed  to  offer  less  assurance  of 
effective  swelling  than  a  shorter  time  following 
a  boil  to  eliminate  air.  Since  objections  can 
also  be  raised  to  the  latter  procedure,  com- 
parative experiments  were  performed. 

For  preswelling  the  sample,  one  procedure 
was  to  place  an  air-dry  sample  of  water-repel- 
lent fabric  under  distilled  water  at  100  cm. 
head  and  hold  it  there  for  24  hours.  In  the 
other  procedure  the  test  pieces  were  prewet- 
ted by  boiling  for  10  minutes  and  then  allowed 
to  soak  for  50  minutes  in  distilled  water  under 
a  few  centimeters  head  at  room  temperature. 
It  was  shown  that  boiling  for  1  hour  had  no 
advantage  over  10  minutes  (Part  V).  All  test 
pieces  were  squeezed  lightly  between  paper 
towels  to  remove  and  prevent  reabsorption  of 
excess  water  before  weighing  or  testing. 

The  two  procedures  were  found  not  to  be 
equivalent  in  tests  on  samples  of  two  fabrics 
(several  years  old),  one  made  from  mature 
cotton  and  one  from  immature.  No.  117  and 
122  described  in  Part  III.  Specimens  of  these 
finished  fabrics  placed  in  water  under  a  head 
of  100  cm.  at  80°  F.,  soaked  for  24  hours  and 
then  tested  for  amount  of  leakage  in  the 
Suter"  apparatus  (see  below)  allowed  passage 


'  Mention  of  company  or  trade  names  is  for  information  and  convenience  only  and  does  not  imply   endorsement   by   the  U.  S. 
Department   of   Agriculture   over   firms   or   products   not   mentioned. 
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of  93  ml.  and  96  ml.  in  the  forst  5  minutes  for 
the  mature  and  immature  cottons,  respectively 
(Part  V).  Specimens  boiled  and  then  soaked 
for  the  shorter  period  of  1  hour  allowed  pas- 
sage of  the  much  larger  quantities  of  264  ml. 
and  509  ml.  of  water,  respectively.  The  re- 
sults show  clearly  that  the  methods  were  not 
equivalent  in  these  tests.  The  same  mature- 
cotton  fabric  (No.  117)  was  tested  both  ways 
in  another  series  of  tests  (Part  V)  with  similar 
results. 

The  smaller  leakages  through  the  samples 
soaked  for  24  hours  in  both  series  of  tests  im- 
plied better  swelling  and  better  closing  by  this 
procedure,  but  since  the  fabrics  that  were 
boiled  first  and  then  soaked,  and  regarded  as 
fully  swollen,  leaked  more,  something  else 
seems  to  have  affected  the  result.  This  is 
probably,  as  mentioned  above,  enclosed  air 
held  in  the  fabric  is  such  a  way  as  to  increase 
its  water  resistance  and  give  a  false  impression 
of  better  closing  by  swelling  than  actually 
was  obtained.  More  evidence  for  this  view 
will  be  presented  in  Part  V. 

Since,  in  contrast  to  the  previous  experi- 
ments, results  from  the  two  methods  of  pre- 
swelling  came  out  equal  in  other  special  tests 
described  later  (Part  V),  it  is  evident  that  more 
work  would  be  required  to  show  conclusively 
that  either  method  is  more  effective  than  the 
other.  Since  the  boiling  procedure  seemed  to 
give  more  assurance  of  maximum  swelling, 
it  had  already  been  adopted  as  more  conven- 
ient for  the  large  number  of  samples  which 
were  tested;  however,  the  presoaking  without 
boiling  may  reflect  more  nearly  some  of  the 
conditions  met  in  service. 

Wetting  and  swelling  might  be  more  rapid 
and  more  nearly  complete  if  a  wetting  agent 
were  used,  but  it  would  represent  a  still  greater 
departure  from  service  conditions  than  the 
boiling,  which  at  least  limits  the  test  to  water. 

There  are  sometimes  great  differences  be- 
tween values  obtained  for  leakage  through 
replicate  samples  of  a  fabric,  which  may  neces- 
sitate an  excessive  number  of  tests  to  obtain 
acceptable  average  values.  It  rriust  be  recog- 
nized that  from  sample  to  sample  some  indefi- 
nite part  of  the  leakage  may  take  place  in  a 
nonuniform  manner  through  less  dense  areas 


at  some  of  the  yarn  intersections.  Any  such 
"soft"  spots  must  detract  to  some  extent  from 
the  water  resistance  of  the  fabric.  Even 
though  some  fabrics  have  responded  as  though 
they  were  not  particularly  uniform,  there  have 
usually  been  great  differences  in  average  level 
of  leakage  from  one  experimental  fabric  to 
another  in  the  important  comparisons.  Results 
have  apparently  been  in  the  right  order,  and 
trends  could  be  recognized. 

Apparatus  Used.  Two  quite  different  types 
of  apparatus,  the'  Suter  (5)  hydrostatic  and 
Bundesmann^  (2)  testers,  were  used  to  measure 
water  resistance  in  terms  of  amounts  of  water 
passing  through  fabrics  after  preswelling. 

In  measurements  on  the  Suter  apparatus, 
examples  of  which  have  been  discussed  above, 
the  column  of  water  was  merely  set  at  a  con- 
stant head  of  ( usually )  86  cm.  above  the  pre- 
swollen  fabric,  and  the  amounts  of  water  were 
measured  that  passed  through  it  in  the  time 
intervals  indicated  in  the  tables.  The  86  cm. 
was  the  maximum  which  had  been  observed 
in  the  regular  hydrostatic  test  in  earlier  ex- 
periments and  was  taken  arbitrarily  as  likely 
to  allow  at  least  slight  seepage  through  most 
preswollen  fabrics  to  be  tested,  so  that  different 
degrees  of  closing  could  be  readily  recognized. 

The  other  test  for  the  amount  of  leakage  of 
water  through  preswollen  fabrics  employed  the 
Bundesmann  apparatus,  used  as  usual  except 
for  the  wet  test  pieces  and  a  longer  time.  This 
apparatus  (Figure  1)  provides  a  shower,  norm- 
ally at  the  rate  of  3  inches  of  water  in  10  min- 
utes. Water  was  used  at  80°  +2°  instead  of  the 
50°  to  70°  F.  specified.  The  time  of  exposure 
of  prewet  samples  to  the  shower  was  usually 
20  minutes  and  the  test  showed  decreases  in 
leakage  with  improvements  in  fabrics  up  to  a 
level  where  there  was  no  leakage  during  the 
20  minutes.  Beyond  that  point  slight  differ- 
ences in  closing  capacity,  observable  with  the 
Suter  apparatus,  could  not  be  distinguished. 
This  test  has  the  disadvantage  that  the  appara- 
tus is  not  generally  available.  The  Bundes- 
mann test  has  undergone  considerable  study 
and  the  standard  apparatus  has  been  modified 
since  these  tests  were  made.  The  older  form 
of  British-made  instrument  was  employed.  Its 
use  in  the  usual  manner  is  mentioned  in  the 
next  section. 
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CONVENTIONAL  WATER-RESISTANCE  TESTS  EMPLOYED 


Several  of  the  usual  water-resistance  tests 
were  used  extensively.  These  tests  are  des- 
cribed in  readily  available  sources  (4,  5),  and 
little  more  than  the  general  nature  of  their 
indications  according  to  findings  of  the  Quar- 
termaster Corps  (16)  will  be  mentioned  here. 
Rain  room,  rain  course,  and  actual  field  ob- 
servations, when  continued  over  long  periods 
of  time  are,  in  this  order,  the  most  practical 
and  desirable  tests  for  water-resistant  fabrics; 
but  simpler  equipment  and  methods  must  be 
employed  for  the  many  tests  required  during 
the  development  of  fabrics  and  finishes.  Of 
laboratory  tests,  those  of  three  classes  are  of 
the  most  practical  interest: 

(A)  Hydrostatic  methods  were  represented 
in  the  work  at  the  Southern  Laboratory  by  the 
conventional  test  with  the  Suter  type  of  ap- 
paratus (5),  in  which,  under  increasing  height 
of  water  column,  the  head  is  observed  when 
3  drops  of  water  have  broken  through  the 
surface  of  the  fabric  test  piece  at  different 
places.  This  hydrostatic  pressure  value  bears 
some  relationship  to  the  suitability  of  the 
fabric  for  rainwear,  and  although  the  correla- 
tion is  not  well  deponed,  the  test  is  considered 
a  valuable  research  and  screening  tool  (16,  p. 
20).  While  considered  to  be  not  as  suitable  as 
other  penetration  tests  for  predicting  rain  per- 
formance, hydrostatic  tests  are  of  special  in- 
terest for  fabrics  which  are  intended  for  water 
containers.  The  same  apparatus  was  used  to 
a  limited  extent  for  hydrostatic  penetration 
tests  through  air-dry  samples  (5,  16)  in  which 
the  water  that  flowed  or  leaked  through  was 
collected  and  measured. 

(B)  The  second  class  of  test  was  represented 
by  the  drop-penetration  tester,  the  rain  tester, 
and  the  Bundesmann  apparatus.  From  the 
excellent  correlation  obtained  between  the 
drop-penetration  test  (5;  16,  p.  22)  and  natural 
rainfall  it  had  been  concluded  that  this  test 
is  most  suitable  for  predicting  rain  performance 
of  a  wide  range  of  fabrics.  For  many  fabrics 
to  be  described  it  was  impractical  to  use  the 
specified  "minutes  to  collect  10  ml.  of  water," 
because  the  test  would  have  lasted  many 
hours.  Instead,  the  amounts  of  water  collect- 
ed in  3  hours  were  reported  (Part  IV). 

The  rain  tester  (4,  p.  148;  16  p.  24)  sprays 


a  fabric  held  vertically  so  that  the  water  that 
penetrates  is  collected  in  a  blotter  and  weighed. 
In  the  present  study  the  amounts  of  water 
which  penetrated  some  of  the  fabrics  were  so 
small  that  the  samples  were  placed  6  inches 
from  the  horizontal  spray  nozzle  instead  of  the 
usual  12  inches,  and  the  test  was  continued  for 
20  minutes  instead  of  5.     The  maximum  head, 

8  feet,  was  used  in  all  tests.  The  rain  test  in 
its  usual  form  is  considered  (16,  p.  32)  most 
suitable  for  estimating  rain  performance  of 
fabrics  of  the  characteristic  usually  desired  in 
civilian-type  raincoats. 

The  Bundesmann  tester  was  considered  (16, 
p.  32)  almost  as  satisfactory  as  the  rain  tester 
and  had  been  found  to  offer  no  particular  ad- 
vantages when  operated  in  the  conventional 
manner.  Since  an  apparatus  was  available,  it 
was  used  at  the  Southern  Regional  Laboratory, 
but  mainly  in  the  special  way  described  with 
prewetted  samples.  However,  the  convention- 
al test  allowed  a  comparison  with  reports  on 
British  Ventile  fabrics.  It  is  understood  that 
one  of  the  specifications  for  the  latter  is  that 
there  shall  be  no  leakage  in  the  usual  Bundes- 
mann test  for  30  minutes,  during  a  simulated 

9  inches  of  rain.  Of  25  of  the  new  fabrics 
made  and  tested  at  the  laboratory  none  showed 
leakage  after  30  minutes;  and  only  2  of  them 
when  the  test  was  extended  to  2  hours.  In 
contrast,  a  commercial  9-oz.  water-resistant 
oxford  fabric  leaked  48.5  ml.  in  the  2-hour 
test;  in  fact,  water  usually  penetrates  through 
"ordinary"  water-repellent  goods  within  10 
minutes. 

The  fabrics  mentioned  that  did  not  leak  were 
by  no  means  so  tightly  woven  as  fabrics 
eventually  made,  so  that  data  in  Table  11  will 
show  why  this  test  was  but  little  used.  In  the 
loom-state  the  mercerized  fabrics  were  better 
than  the  unmercerized  and  the  Ceglin '-treated 
fabric  was  still  better.  There  was,  however, 
no  measurable  penetration  of  any  of  them  after 
finishing  during  2-hour  periods,  so  that  differ- 
ences which  might  be  of  practical  interest  were 
not  detectable. 

(C)  Absorption  tests  have  not  been  reported, 
because  there  is  no  definite  correlation  between 
absorbency  and  closing  by  swelling,  in  the 
great  variety  of  fabrics  under  consideration. 
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Except  for  tests  on  preswoUen  fabrics,  all 
water-resistance  or  water-repellency  tests  are 
regarded  as  having  been  made  on  air-dry,  or 
simply  "dry,"  fabrics.  Even  though  all  sam- 
ples were  conditioned  at  65%  R.  H.  and  70° 
F.,  they  could  not  be  tested  with  water  in  the 
conditioning  room;  they  were  tested  in  a  lab- 


oratory which  was  usually  at  about  76°  and 
50  to  60%  R.  H.  Such  differences  in  relative 
humidities  to  which  samples  may  be  exposed 
before  testing  have  been  reported  to  have  no 
appreciable  effect  on  results  of  the  usual  test 
for  hydrostatic  head(19). 


OTHER  PHYSICAL  TEST  METHODS  EMPLOYED 


Air  permeabilities  have  been  recorded  to 
help  show  the  properties  of  the  new  fabrics. 
Measurements  were  made  with  the  Gurley 
Permeometer'  (5)  of  cubic  feet  of  air  passing 
through  1  sq.  ft.  of  fabric  in  1  minute  under 
a  pressure  drop  of  0.5  inch  of  water.  The 
closest  woven  fabrics  allowed  very  little  air 
to  pass  through,  and  some  none  at  all.  Since, 
however,  readings  could  be  obtained  for  all 
fabrics  with  the  Densometer^  (5),  all  were 
tested  also  with  this  instrument.  The  obser- 
vations obtained,  are  in  the  reverse  order  nu- 
merically from  those  obtained  with  the  Perme- 
ometer,  because  the  time  for  a  given  amount 
of  air  to  flow  is  recorded  instead  of  the  volume 
of  flow  in  a  given  time.     The  time  required 


for  300  cc.  of  air  to  flow  through  0.1  sq.  in.  of 
fabric,  with  a  5-oz.  cylinder,  is  shown.  Agree- 
ments of  duplicate  tests  were  good,  and  good 
correlation  between  results  by  the  two  methods 
was  observed  (Part  V). 

The  other  physical  tests  usually  made  were 
thread  counts,  weight  per  square  yard,  thick- 
ness, percent  crimp  in  the  warp,  breaking 
strength  and  elongation-at-break  by  the  strip 
method  on  1-inch  widths,  in  both  warp  and 
filling  directions,  and  trapezoid  tear  tests  in 
both  directions  in  the  piece.  There  were  no 
significant  variations  in  these  tests  from  the 
methods  of  the  ASTM  (5). 


EXPERIMENTAL  FABRICS 


The  fabrics,  based  on  the  9-oz.  oxford  con- 
struction were  made  in  pairs  or  in  larger 
groups  to  allow  comparisons  of  results  from 
changing  one  or  more  of  the  most  important 
variables,  and  all  were  woven  without  warp 
size  as  already  explained.  All  fabrics  were 
tested  in  the  grey  or  loomstate,  and  most  of 
them  after  approximately  conventional  finish- 
ing, which  consisted  of  open-width  (jig)  scour- 
ing   and    dyeing,    and    treatment    with    Zelan 


AP3  for  water  repellency.  The  cloth  was  not 
desized,  mercerized,  or  sanforized  and  was 
tentered  only  once,  in  the  grey.  It  was  run 
with  as  little  tension  as  possible  and  was  usual- 
ly finished  from  about  39  inches  down  to  36. 
Any  shrinkage  or  stretch  was  indicated  by 
change  in  thread  counts.  The  laboratory  finish- 
ing is  described  in  more  detail  later  (Part 
IV);  and  the  results  of  tests  on  the  finished 
goods  are  of  most  practical  interest. 


FABRICS  MADE  FROM  TREATED  YARNS 


The  main  purpose  in  making  the  first  ex- 
perimental fabrics  was  to  determine  whether 
there  would  be  advantages  which  might  justi- 
fy the  extra  trouble  and  expense  of  making 
swelling-type  fabrics  from  processed  yarns — 
either  from  mercerized  yarns  or  from  yarn 
containing  an  added  supplementary  swellable 
material. 

A  large  number  of  fabrics  made  by  the  In- 


stitute of  Textile  Technology  and  reported  by 
the  Quartermaster  Corps  (16,  p.  120)  were 
made  from  mercerized  yarn,  and  various  con- 
clusions were  drawn  from  them.  The  yarns 
used  were  mostly  3-ply,  and  the  cloth  cover 
factors  were  45  or  higher.  These  fabrics  un- 
doubtedly had  the  advantage  of  greater  swell- 
ing than  if  made  from  unmercerized  cotton  and 
were,  therefore,  no  doubt  more  water-resistant 
than  they  would  have  been  if  made  in  the  same 
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constructions  from  unmercerized  cotton.  There 
was  no  duplication  between  the  work  reported 
and  that  to  be  described  below. 

The  9  fabrics  of  Table  III  demonstrate  the 
effects  of  numerous  variables.  They  represent 
3  different  cottons  and  16  different  yarns,  and 


allow  comparisons  of  loom-state  with  finished 
goods  throughout.  Also,  there  were  specific 
comparisons  of  fabrics  made  from  mercerized 
and  from  unmercerized  yarns  including  sin- 
gles against  plied  filling  yarns,  of  cottons  with 
a  moderate  difference  of  maturity,  and,  finally, 
the  effect  of  an  added  swellable  material. 


MATERIALS  USED 


Fiber  and  Yarn  Properties.  Fabrics  of  the 
first  group  were  made  from  Acala  1517,  a 
relatively  long  and  fine  cotton  of  rather  low 
maturity  (Table  IV).  This  cotton  was  actually 
selected  from  the  size  and  shape  of  cross  sec- 
tions of  its  fibers.  The  cotton  was  combed 
and  spun  into  singles,  and  twisted  in  the  oppo- 
site direction  into  2-ply  yarn  ( Table  IV ) .  Also, 
portions  were  spun  into  singles  equivalent  in 
size  to  the  2-ply  yarns,  for  use  in  comparable 
fabrics. 

Portions  of  the  yarn  were  spun  slightly 
coarser  for  mercerizing  to  allow  for  decrease 
in  size  during  the  process,  but  remained  a  little 
heavier  than  the  grey  yarn.  The  warp  yarns 
were  mercerized  by  a  conventional  warp  pro- 
cess; and  the  filling  yarns  by  a  commercial 
skein  process  without  stretching  or  shrinking. 
The  filling  as  observed  under  the  microscope 
was  not  as  well  mercerized  as  the  warp. 

The  last  4  fabrics  were  made  from  2  Santan 
Acala  cottons  which,  differing  by  11'/  in  ma- 
turity, were  rated  as  of  average  fineness  and 
fine.  The  less  mature  was  the  finer,  in  accord- 
ance with  its  larger  number  of  immature  fibers. 
Each  of  the  cottons  was  carded,  in  contrast  to 
combed  (above),  spun,  and  twisted  into  2-ply 
yarns  similar  to  those  described  for  the  first 
group  of  fabrics  except  that  lower  T.  M.'s 
were  used  in  plying  the  filling.  Portions  of 
the  yarns  were  mercerized  in  the  laboratory 
on  a  frame-type  apparatus  (13)  to  simulate 
the  usual  warp  product.  They  came  out  the 
same  in  size  as  the  unmercerized  (within  1  to 
1-V^)  except  one  which  was  3  to  4%  finer. 
The  mercerized  yarns  tended,  as  usual,  toward, 
moderate  gains  of  strength,  and  losses  in  elong- 
ation-at-break  (Table  IV). 

In  order  to  provide  yarns  with  an  added 
swellable  agent,  portions  of  the  grey  Acala 
1517  yarns  were  treated  with  Ceglin^,  alkali- 
soluble  hydroxy  ethyl  cellulose.     The  amount 


applied  was  rather  large  and  is  roughly  indi- 
cated by  changes  in  yarn  numbers  (Table  IV), 
for  example,  from  24.1/2  to  20.8/2.  Ceglin 
was  used  on  the  filling  as  well  as  on  the  warp. 
On  the  latter  it  served  as  a  size  and  was,  there- 
fore, an  exception  to  the  general  use  of  unsized 
warps. 

Change  in  the  weight  of  yarn  by  an  added 
agent  raises  the  question  whether  an  allow- 
ance for  the  extra  weight  should  be  made  in 
the  cloth  construction.  The  answer  depends 
upon  whether  the  intention  is  merely  to  add 
to  the  effect  of  the  cotton,  the  purpose  in  the 
present  case,  or  to  substitute  another  swellable 
substance  for  part  of  the  cotton,  which  would 
introduce  various  complications.  Therefore, 
an  adjustment  in  construction  was  not  attempt- 
ed. 

Seepages  observed  in  the  orifice  test  on 
yarns  are  shown  in  Table  IV.  Treated  Acala 
1517  yarns  gave  improved  results.  The  warp 
yarn  was  greatly  improved  by  the  mercerizing, 
but  the  filling  yarn  was  improved  less,  appar- 
ently because  of  less  satisfactory  mercerizing. 
Ceglin  contributed  to  the  best  closing  of  all 
even  though  it  was  weighed-in  with  the  yarn 
sample  and,  in  effect,  substituted  for  cotton. 
The  less  mature  (finer)  of  the  two  Santan 
Acala  cottons  in  both  warp  and  filling  yarns, 
showed  the  better  closing.  Both  cottons  were 
improved  by  mercerizing. 

Fabric  Construction  and  Physical  Properties. 
Five  fabrics  were  made  from  the  combed  yarns 
of  Acala  1517  cotton.  Two  of  them  were  wov- 
en from  untreated  (grey)  yarns,  one  having 
2-ply  filling  and  the  other  equivalent  singles. 
Two  were  woven  similarly  from  mercerized 
yarns;  and  one,  of  similiar  weave,  was  of 
Ceglin-treated  warp  and  filling  (2-ply). 

Since  there  were  changes  in  weight  during 
the  processing  of  the  yarns  and  no  way  of  com- 
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pensating  for  them  with  certainty  without  ex- 
tra experiments,  the  fabrics  did  not  come  out 
as  closely  comparable  as  might  be  desired. 
Differences  in  weights  per  square  yard  were 
consistent  with  the  differences  in  yarn  num- 
bers. The  weights  were  very  near  to  the  in- 
tended 9  oz.  for  the  plain  grey  fabrics.  The 
fabrics  made  from  mercerized  yarns  were  4  to 
5%  heavier  and  correspond  approximately 
with  the  4  to  8%  greater  weights  of  the  yarns. 
The  fabric  with  the  cellulose  finish  was  about 
15%  heavier  than  the  grey  cloth,  somewhat 
more  than  the  corresponding  11%  increase  in 
weight  of  the  yarn,  and  10%  thicker. 

The  fabrics  were  closely  comparable  in 
thread  counts  with  a  maximum  difference  of 
only  1-V^  warp  ends  within  the  group  and  ]/2 
filling  pick.  The  maximum  difference  be- 
tween the  sums  of  the  numbers  of  warp  and 
filling  threads  of  any  2  fabrics  was  2,  or  just 
over  1%,  so  that  the  fabrics  were  alike  in  con- 
structon  for  all  practical  purposes. 

The  corresponding  mercerized  and  unmer- 
cerized  fabrics  made  from  Santan  Acala  cotton 


(Table  III-A)  were  equal  in  weight,  but  both  of 
those  fabrics  made  from  the  less  mature  of 
these  cottons  were  about  3%  lighter.  Warp 
and  filling  totals  were  within  about  ¥2%  of 
each  other. 

Fabric  strengths  are  affected  by  too  many 
variables  for  general  conclusions  from  so  few 
examples,  but  in  these  specific  cases  the  mer- 
cerized were  somewhat  stronger  than  the  cor- 
responding unmercerized  fabrics;  those  made 
from  the  less  mature  cotton  were  a  little  the 
weaker  but,  as  noted,  were  lighter  in  weight. 

Air  permeabilities  were  somewhat  greater 
for  the  fabrics  made  from  mercerized  yarns 
than  for  fabrics  from  unmercerized  yarns,  in  4 
comparisons  by  the  Permeometer  test  ( Table 
I-A ) ,  and  in  3  of  the  4  comparisons  by  the  Den- 
someter.  The  inconsistency  of  the  fourth  fabric 
may  be  associated  with  the  5%  greater  weight 
of  the  mercerized  material  (No.  34).  Air  per- 
meability was  considered  reduced  by  the  pres- 
ence of  Ceglin.  It  may  be  of  special  interest 
that  fabrics  made  from  the  less  mature  (fine) 
cotton  also  had  lower  air  permeability. 


DISCUSSION  OF  RESULTS 


Loom-State  Fabrics.  The  loom-state  fabrics 
(Table  I)  had  considerable  water  resistance, 
presumably  attributable  to  a  repellency  effect 
due  to  natural  waxes,  and  to  partial  closure 
by  swelling.  We  have  in  this  group  some  of 
the  best  of  evidence  that  swelling  of  cotton  can 
contribute  to  closing  of  fabrics.  All  four  fab- 
rics made  from  mercerized  yarns  were  better 
than  those  made  from  the  similar  grey  yarns. 
This  was  not  apparent  from  the  hydrostatic 
heads  required  to  cause  penetration  by  water 
of  the  air-dry  grey  fabrics  in  the  regular  Suter 
test  in  comparison  with  the  heads  for  the  fab- 
rics made  from  mercerized  yarns,  which  were 
considerably  lower.  On  similar  tests,  how- 
ever, made  on  preswollen  fabrics,  the  heads 
required  to  cause  the  usual  three  drops  pene- 
tration were  all  much  lower  but  the  order  was 
reversed,  the  fabrics  from  mercerized  yarn  re- 
quiring more  than  60%  higher  heads  than  the 
unmercerized  (data  not  shown).  Further,  in 
both  the  Suter  and  the  Bundesmann  tests  on 
preswollen  fabrics  for  amount  of  leakage,  only 
15  to  20%  as  much  water  passed  through  those 
made  from  the  mercerized  (Acala),  yarns  as 
though    those    made    from    the    unmercerized 


(Table  I-A,  No.  31  vs.  33,  and  32  vs.  34). 

The  mercerized  Santan  Acala  fabrics  (Nos. 
125  and  128)  were  penetrated  as  somewhat 
lower  heads  than  the  unmercerized  (Nos.  124 
and  127)  in  the  conventional  hydrostatic  test 
but  in  the  rain  test  there  was  only  1/3  to  1/2  as 
much  penetration  through  the  mercerized  as 
through  the  unmercerized  fabrics,  even  though 
the  latter  presumably  had  more  of  the  repellent 
natural  wax  present.  Since  the  fabrics  made 
from  mercerized  yarns  tended  to  be  more  opep 
when  dry  than  those  from  unmercerized  yarns, 
as  shown  by  greater  air  permeability,  it  follows 
that  their  fibers  must  have  swollen  more  effec- 
tively from  the  prewetting  to  effect  the  better 
closing  displayed.  Therefore,  the  explanation 
of  the  advantage  of  mercerization  of  the  yarn, 
in  these  loom-state  fabrics,  lies  principally  in 
a  real  effect  from  greater  swelling  of  mercer- 
ized cotton  (below). 

The  cloth  made  from  yarn  with  the  added 
cellulose  derivatives  was  much  harder  and 
stiffer  than  the  others  when  wet,  and  might 
be  regarded  as  not  strictly  comparable  with 
them  because  of  the  added  weight,  but  it  con- 
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tained  no  more  cotton.  Although  it  has  great- 
er swelling  capacity  than  the  cotton,  the  Ceglin 
might  not  be  as  effective  if  it  replaced  cotton 
in  a  fabric.  It  swells  to  a  softer  gel  than  cotton 
and  could  not  be  expected  to  withstand  mech- 
anical action  or  high  water  pressure  as  well, 
unless  held  very  firmly  in  a  dense  fabric  struc- 
ture. Because  of  their  weight,  tendency  to  wet 
through,  and  their  stiffness  when  wet,  fabrics 
of  this  type  do  not  seem  suitable  for  clothing. 
On  the  other  hand,  these  features  would  prob- 
ably not  be  objectionable  for  water  bags  and 
tanks.  In  the  regular  Suter  hydrostatic  test, 
the  fabric  from  Ceglin-treated  yarn  was  pene- 
trated by  water  at  the  lowest  head  in  the  group 
but,  in  contrast,  it  showed  by  far  the  lowest 
measured  leakage  under  a  head  of  water  when 
presoaked. 

Fabrics  made  with  singles  filling  (Table  I-A, 
Nos.  32  and  34)  had  about  the  same  air  perme- 
abilities and  leakages  of  water  as  the  corres- 
ponding fabric  (Nos.  31  and  33)  with  equiva- 
lent 2-ply  filling.  Since  there  would  be  prac- 
tical and  economic  advantages  in  using  singles 
filling,  it  should  be  more  fully  evaluated. 

Comparison  of  the  two  Santan  Acala  cottons, 
which  differed  in  maturity,  indicates  that  a  real 
difference  in  water  resistance  may  result  from 
a  relatively  small  difference  in  fineness  and  in 
closing  capacity  due  to  a  somewhat  larger 
number  of  immature  fibers,  in  general  agree- 
ment with  results  in  Part  IV.  This  was  true 
of  fabrics  in  the  loom-state,  whether  or  not  the 
yarns  had  been  mercerized. 

Finished  Fabrics.  Portions  of  the  fabric 
were  finished  and  whenever  comparisons  with- 
in a  group  are  described,  they  were  finished 
together. 

All  four  fabrics  made  from  mercerized  yarns 
had  better  water  resistance  after  finishing  than 
those  made  from  grey  yarns.  The  finished 
fabrics  made  with  singles  filling  yarn  had  bet- 
ter water  resistance,  whether  mercerized  or 
not,  but  slightly  greater  air  permeability  than 
those  made  with  2-ply  filling  yarn. 

After  finishing,  the  fabrics  made  from  the 
more  immature  Santan  Acala  cotton,  mercer- 
ized and  unmercerized,  were  not  so  clearly  bet- 
ter than  the  fabrics  made  from  the  more 
mature,  as  they  appeared  to  be  in  the  loom- 
state.     Fabrics  of  the  more  immature  cotton 


were  better  in  the  rain  test,  and  in  the  Bundes- 
mann  test  with  preswollen  samples,  but  not 
as  good  on  the  Suter  apparatus  with  preswollen 
samples. 

When  compared  after  finishing,  the  Santan 
Acala  fabrics  from  mercerized  yarns  had  higher 
tear  strength  in  both  directions  than  those 
made  from  unmercerized  yarn.  This  agrees 
with  observations  (24)  that  mercerization  in 
the  piece  improves  tear  strength.  The  gain  is 
probably  explained  by  such  effects  as  strength- 
ening of  the  yarn,  making  it  smoother  and  more 
compact,  and  possibly,  to  slight  texture  open- 
ing, which  permits  yarn  to  shift  more  easily 
in  the  piece  under  stress.  While  the  use  of 
mercerized  yarn  would,  in  general,  have  the 
same  advantages  as  mercerizing  in  the  piece, 
it  would  have  similar  disadvantages,  plus  the 
disadvantage  of  greater  cost. 

The  finished  fabric  made  from  Ceglin- 
treated  yarn  maintained  the  same  relation  to 
the  finished  fabrics  made  from  grey  and  mer- 
cerized yarns  as  in  the  loom-state  and  the 
highest  after  finishing,  probably  owing  to  loss 
of  Ceglin  as  indicated  by  the  large  decrease 
in  weight  per  square  yard  during  finishing. 

Samples  of  several  fabrics,  Nos.  31,  33,  and 
35,  were  tested  in  the  rain  room  at  the  Phila- 
delphia Quartermaster  Depot  and  results  ap- 
pear in  a  publication  (16  p.  109). 

The  general  quality  of  these  fabrics  was 
good  although  they  were  surpassed  later.  The 
finished  fabrics  of  Santan  Acala  cotton,  wheth- 
er made  from  unmercerized  or  mercerized 
yarn,  all  resisted  penetration  in  the  Bundes- 
mann  test  (on  air-dry  samples)  for  2  hrs.  with 
no  leakage  of  water  (Table  II).  This  is  con- 
sidered very  good  performance,  and  it  com- 
pares favorably  with  reports  regarding  Ven- 
tile  fabrics.  Cover  factors,  calculated  for  the 
loom-state,  were  45.8  to  46.7,  not  extremely 
high,  but  above  the  minimum  considered  nec- 
essary for  military  rain-resistant  materials  (24). 

Swelling  of  Mercerized  Cotton.  Mercerized 
cotton  yarn  can  be  regarded  as  more  effective 
through  greater  swelling  capacity  than  un- 
mercerized and,  at  the  same  time,  it  offers  a 
more  favorable  physical  form.  That  its  swell- 
ing capacity  is  greater  follows,  for  example, 
from  data  of  Welco  et  al.  (37,  Fig.  10).  Data 
from  the  curves  for  mercerized  and  unmercer- 
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ized  yarns  in  this  figure,  and  calculations  ac- 
cording to  methods  given  in  Part  V,  indicate 
the  mercerized  yam  had  swollen  by  71%  and 
the  unmercerized  by  58%.  The  difference  of 
13%  represents  potential  extra  closing  capa- 
city, about  22%  greater  than  that  of  the  un- 
mercerized cotton. 

That  swelling  and  differences  in  swelling 
capacity  were  important  determining  factors 
in  the  water  resistance  of  fabrics  described 
above  is  apparent  from  centrifuge  tests  (Table 
V)  on  the  fabrics  of  the  Santan  Acala  cottons. 
These  fabrics  were  closely  comparable,  because 
yarns  which  were  very  nearly  alike  were  made 
into  fabrics  of  the  same  construction.  Amounts 
of  swelling  estimated  according  to  Part  V,  and 
relative  percentages  of  greater  swelling  capa- 
city due  to  immature  fibers  and  to  merceri- 
zation  are  shown.  Even  the  11  %  greater  num- 
ber of  immature  fibers  in  the  less  mature  cot- 
ton apparently  contributed  5  to  8%  to  greater 
swelling.  Mercerization  contributed  18  to 
21%;  immaturity  and  mercerization  together 


gave  27%  greater  swelling  than  did  the  more 
mature  unmercerized  cotton.  These  results 
imply  greater  closing  capacities  even  though 
swelling  of  the  fabric  as  a  whole  may  not 
necessarily  be  a  measure  of  closing  capacity. 
For  example,  owing  to  differences  in  fabric  con- 
struction, there  may  be  differences  in  water 
resistance  which  may  not  be  reflected  in  es- 
timations of  swelling. 

Work  on  the  application  of  mercerization  or 
of  additive  swellable  materials  was  not  carried 
further,  because  of  impractical  features  of  such 
treatments,  although  better  fabrics  could  be 
developed  in  both  of  these  directions.  It  is 
quite  certain  that  effective  swelling-type  fab- 
rics could  be  made  more  readily  from  mercer- 
ized than  from  unmercerized  yarns.  It  can 
be  inferred  also  from  results  reported  in  Part 
IV  that  merely  scouring  and  dyeing  in  yarn 
form,  along  with  weaving  in  a  suitable  con- 
struction could  result  in  fabrics  capable  of 
closing  more  effectively  by  swelling. 


SUMMARY 


Mercerization  of  yarn  according  to  ordinary 
procedures  increased  its  swelling  capacity  and 
improved  it  in  physical  form  for  use  in  self- 
sealing  water-resistant  fabrics. 

The  addition  of  a  swellable  material  greatly 
improved  the  capacity  of  a  fabric  to  close  by 
swelling,  but  appeared  to  be  more  suitable  for 
firehose,  water  bags,  and  tanks  than  for  cloth- 
ing. 

A  difference  from  high  to   average  maturity 
of  cotton  made  a  slightly  better-closing  fabric. 

Finishing  detracted  from  water-resistance. 
The  loom-state  fabrics  were  usually  superior 
in  tests  measuring  closing  capacity,  such  as  the 
Suter  leakage  and  Bundesmann  on  preswollen 
samples;  they  also  withstood  higher  hydro- 
static heads.  In  important  tests  on  air-dry 
samples,  however,  such  as  the  Slowinski  rain 


test  and  the  regular  Bundesmann  test,  both 
intended  to  stimulate  service,  the  finished  fab- 
rics were  superior. 

None  of  these  fabrics  were  strictly  of  swell- 
ing type,  although  some  of  them  were  good 
water-resistant  fabrics. 

There  was  but  slight  difference  between  the 
use  of  singles  and  plied  filling  yarns. 

Mercerized  yarn,  similar  to  the  yarns  used 
in  these  experiments,  was  estimated  to  swell  by 
about  71%  and  unmercerized  yarn  by  58%. 
The  experimental  fabrics  of  mercerized  yarn 
swelled  more  than  those  of  unmercerized  in 
about  the  same  proportion.  Although  such 
apparent  swelling  may  not  necessarily  be  in 
proportion  to  closing  capacity  and  water  re- 
sistance of  the  fabrics,  it  seems  to  contribute 
appreciably  to  their  effectiveness. 
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Table  I.     Air  and  water  resistance  of  fabrics 


Air  perm 

eability 
Densometer 
(time/300  cc. 

Hydro- 
static 
pressure 

Hydrostatic  leakage, 

prewet  samples 

25-cm.              86-cm. 

head                head 

Bundesmann 

penetration. 

prewet 

samples 

Rain   test. 
8-ft.  head 

Fabric                 Nature  of  yarn  used 
number                           in  fabrics 

Permeometer 

sample  6  in. 
from  nozzle 

ft'lminlft' 

minisec  head,  cm 

ml/ 5  min 

ml/5  min 

ml/20  min 

gm/20  min 

A.     LOOM-STATE: 

31         Untreated   yarn.   pUed  filling 

1.4 

6.36 

79 

731 

66. 

... 

32        Untreated   yam.    singles    filling 

1.4 

5:30 

93 

1070 

69. 

... 

33        Mercerized   yam.   plied   filling 

1.5 

5:24 

58 

168 

9.2 

... 

34         Mercerized  yarn,  singles  filling 

1.5 

5:42 

56 

191 

8.7 

... 

35         Ceglin  treated,  plied   filling 

.57 

16:32 

47 

81 

.6 

... 

124         Untreated  yarn,  91%  maturity 

.66 

10:48 

70 

741 

3.3 

over   10 

125         Mercerized   yam.   91%   maturity 

.72 

8:24 

54 

463 

.3 

3.16 

127         Untreated  yarn,   80%   maturity 

.33 

16:16 

79 

397 

2.7 

2.03 

128         Mercerized  yarn,  80%  maturity 

.66 

9:15 

61 

313 

.6 

1.64 

B.     FINISHED: 

31         Untreated  yam,  plied  filling 

1.6 

5:35 

46 

1048 

44. 

32         Untreated  yarn,  singles  filling 

1.7 

4^26 

43 

596 

42. 

33         Mercerized  yarn,  plied  filling 

1.5 

5:57 

55 

479 

23. 

34         Mercerized  yam,  singles  filling 

1.6 

5:27 

47 

326 

5.0 

... 

35         Ceglin  treated,   plied  filUng 

1.9 

4:09 

38 

170 

6.9 

124         Untreated  yarn,  91%  maturity 

.78 

8:02 

57 

2839 

17. 

2.99 

125         Mercerized   yarn,    91%    maturity 

1.0 

8:24 

61 

928 

12. 

1.13 

127         Untreated  yarn.  80%  maturity 

.76 

11:04 

61 

3245 

11. 

1.43 

128        Mercerized  yarn.  80%  maturity 

1.0 

7:14 

58 

2220 

8.0 

.68 

Table  II.     Penetration  in  Bundesmann  test 

Bundesmann  penetration,  conditioned  samples 


ml/20  min.     ml/2  hr. 


ml/2  hr. 


No.  31  Loom-state  3.3 

32  Loom-state  1.4 

33  Loom-state  3.9 

34  Loom-state  3.1 

35  Loom-state  2.1 


Finished  0.0 
Finished  .0 
Finished  .0 
Finished  .0 
Finished     .0 


No.   124  Finished  0.0 
125  Finished     .0 

127  Finished     .0 

128  Finished     .0 


Table  III. 

Physical  properties  of  fabrics 

Construction 

Warp  Filling                 Weight      Thickness 

Breaking  tests  > 

Total 
cover 
factors 

Fabric 
number 

Crimp                    Warp                                    FilUng 
in  warp    Strength    Elongation    Strength    Elongation 

ends       picks      oz/sq  yd 


31 

22 

33 

34 

35 

124 

125 

127 

128 

B. 

31 

32 

33 

34 

35 

124 

125 

127 

128 


LOOM-STATE: 
124 
124 
123.5 
122.5 
123 
124 
124 
125 
124 

FINISHED: 
130 
128 
128 
128 
129 
130 
128 
130 
130 


52.5 

52 

52 

52 

52 

54 

55 

53 

54 


47 
47 
48 
47 
47 
53 
54 
52 
53 


8.9 
9.0 
9.2 
9.4 
10.3 
9.3 
9.2 
9.0 
9.0 


8.0 
8.0 
8.9 
8.7 
8.8 
9.3 
9.6 
8.8 
9.1 


in 


0.0208 
.0208 
.0208 
.0206 
.0228 
.0176 
.0165 
.0166 
.0165 


% 


lb 


% 


lb 


% 


0170 
0174 
0162 
0170 


21.5 

156 

38.3 

22.3 

155 

40.0 

20.5 

163 

36.7 

20.2 

166 

37.3 

22.6 

141 

33.3 

19.2 

174 

26.7 

14.4 

175 

24.0 

15.2 

169 

26.3 

13.6 

175 

27.7 

125 

20.0 

142 

22.3 

150 

24.0 

151 

22.0 

136 

19.0 

15.6 

148 

25.7 

16.0 

157 

25.7 

14.4 

143 

25.0 

15.2 

150 

24.3 

116 

7.7 

44.4 

114 

8.3 

44.2 

138 

7.7 

45.2 

135 

10.7 

45.0 

131 

5.7 

47.0 

123 

12.3 

46.4 

146 

10.7 

46.7 

118 

13.7 

46.3 

135 

12.7 

45.8 

104 

14.7 

98 

15.7 

127 

13.3 

Trapezoid  tear 

113 

16.0 

Warp 

Filling 

118 

12.3 

lb 

lb 

114 

16.7 

16.2 

5.7 

138 

15.0 

17.6 

8.0 

104 

15.7 

14.2 

5.6 

119 

15.7 

17.0 

7.3 

'  strip  breaks  based  on  thread  counts  in  the  loom-state  fabrics. 
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Table  IV. 

A.     FIBER 


Fiber  and  yarn  properties 


Fabric 

Variety  of  cotton 

Maturity 
(caustic  soda) 

Classer' 

s  designation 

- 

Fineness 

number 

Grade 

Staple 

(by  weight) 

% 

in 

ug/in 

31-35 
124-125 
127-128 

Acala  1517 
Santan  Acala 
Santan  Acala 

72 

91 
80 

SM 
SM 

1-1/16 
1-1/32 

3.1 
4.2 
3.6 

B.     YARN 

Fabric 

Nature  of  yam 

Yi 
nui 

im 

Twist 
multiplier 

Breaking 
single  st 

tests, 
irand 
Elongal 

Seepages 
in  orifirp 

number 

nber 

Singles 

Ply 

Strength 

:ion           test 

lb 

% 

ml/1 0  min 

31 

Combed,   grey 
Combed,   grey 

Warp 
FiUing 

35.9/2 
24.1/2 

3.4 
3.6 

4.3 
4.3 

1.3 
1.9 

6.9 
7.3 

6.8 
5.8 

32 
33 

Combed,   grey 
Combed,  mercerized 

Filling 
Warp 

12.1/1 
34.5/2 

3.6 

1 

1 

1.8 
1.5 

8.7 
5.4 

7.6 
1.7 

34 

Combed,  mercerized 
Combed  mercerized 

Filling 
Filling 

22.5/2 

11.2/1 

1 
1 

1 

1 

2.2 

2.0 

8.3 
8.1 

4.3 
4.2 

35 

Combed,  CegUn  treated 
Combed,  Ceglin  treated 

Warp 
Filling 

31.7/2 
20.8/2 

3.4 
3.6 

4.3 
4.3 

1.5 
2.3 

5.2 
4.3 

.6 
1.1 

124 

Carded,  grey 
Carded,  grey 

Warp 
FilUng 

33.8/2 
22.1/2 

3.5 
3.5 

4.2 
3.8 

1.2 
2.0 

6.9 
6.4 

6.9 
7.6 

125 

Carded,  mercerized 
Carded,  mercerized 

Warp 
Filling 

34.0/2 
21.8/2 

3.5 
3.5 

4.2 
3.8 

1.5 
2.3 

5.5 
5.6 

5.4 
6.1 

127 

Carded,  grey 
Carded,  grey 

Warp 
Filling 

34.2/2 

21.9/2 

3.5 
3.5 

4.2 
3.8 

1.2 
1.9 

6.9 
7.3 

4.5 
4.2 

128 

Carded,  mercerized 
Carded,  mercerized 

Warp 
Filling 

35.3/2 
22.1/2 

3.5 
3.5 

4.2 
3.8 

1.3 
2.1 

6.9 

7.0 

3.4 

4.6 

'  Yams  were  spun  somewhat  coarser,  but  T.M.'s  were  similar  to  those  for  the  comparable  yarns  immediately  above. 


Table  V.     Effect  of  maturity  and  mercerization  on  swelling  (centrifuge) 


Maturity 
of  cotton 

Yam 
treatment 

Swelling 

of 

fabric 

Relative 

increases ' 

due  to: 

Fabric 
number 

Immature 
fibers 

Mercer- 
ization 

Inun.   fibers 
and  mere. 

124 
125 

127 
128 

% 
91 
91 
80 
80 

None 
Merc. 
None 
Merc. 

% 

31.1 

37.7 

33.5 

39.4 

% 

7.7 

4.5 

% 
21.1 

17.6 

% 
26.7 

'  The  relative  increases  were  calculated  from  the  percentages  of  swelling  of  the  fabrics.  Increases  due  to  immature  fibers  were 
based  on  the  values  for  the  unmercerized  and  mercerized  mature-cotton  fabrics;  increases  due  to  mercerization  were  based 
on  the  corresponding  unmercerized  fabrics;  the  increase  due  to  both  was  that  of  the  mercerized  fabric  of  immature  cotton 
over  that  of  the  unmercerized  fabric  made  from  mature  cotton. 
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Figure  1.  Bundesmann  water  repellency  tester.  Water  dropping  from  304  fine  jets  simulates  the  action  of 
a  tropical  downpour.  Wipers,  shown  in  one  cup,  ruhhing  on  the  undersides  of  the  fabric 
samples,  which  rotate  under  the  shower,  imitate  effects  on  a  garment  that  is  being  worn. 
Absorption  as  well  as  leakages  through  samples  is  measured. 
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INTRODUCTION 


Early  observations  had  indicated  that  yarns 
made  from  immature  cottons  impeded  the  seep- 
age of  water  through  an  orifice  more  than 
comparable  yarns  of  mature  cottons  (35).  Hence 
it  appeared  that  the  less  mature  cottons  might 
be  more  favorable  for  making  swelling-type 
fabrics,  and  a  tendency  in  this  direction  was 
shown  in  Part  II.  This  tendency  was  found 
to  hold  in  exploratory  tests,  described  below, 
of  two  cottons,  very  different  in  maturity,  in 
comparable  fabrics.  Although  the  favorable 
effect  was  not  so  apparent  after  finishing,  the 
influences  of  immaturity  in  cotton  and  of 
finishing  were  investigated  further. 

Also,  since  a  means  of  tighter  weaving  by 
putting  in  more  picks  than  normal  became 
available  (21),  tests  on  this  factor  were  in- 
cluded. Experimental  fabrics  in  one  group 
included  several  of  plain  weave.  Another 
group,  limited  to  the  oxford  weave,  included  a 
very  immature  cotton  in  comparison  with  a 


mature  cotton,  both  with  a  wide  range  of  picks 
per  inch. 

All  fabrics  were  finished  in  a  nearly  conven- 
tional manner  to  show  the  effects  of  finishing 
on  water  resistance,  particularly  as  dependent 
upon  maturity  of  cotton  and  tightness  of 
weave.  As  before,  the  principal  finishing 
operations  were  scouring  at  full  width  on  a  dye 
jig,  dyeing  with  vat  colors,  and  treating  with 
Zelan  AP'  for  water  repellency.  None  of  the 
fabrics  were  desized,  mercerized,  tentered,  or 
Sanforized. 

This  paper  also  includes  unique  physical 
test  data  on  yarns  made  from  cottons  of  very 
different  maturities;  and  on  fabrics  made  from 
such  cottons  with  ordinary  and  with  unusually 
large  numbers  of  picks  per  inch.  Methods  of 
testing,  with  differences  from  normal  methods, 
given  in  Part  II.  Some  data  in  the  tables  are 
not  discussed  in  the  text. 


EXPLORATORY  FABRICS  TO  SHOW  EFFECT  OF  MATURITY 


The  selection  of  the  cottons  for  the  first 
two  exploratory  fabrics  was  based  on  their 
greatly  contrasting  red  and  green  colors  when 
differentially  dyed  (15)  and  on  the  difference 
in  cross  sections  under  the  microscope.  Ma- 
turity tests  conducted  by  the  standard  sodium 
hydroxide  swelling  method  at  the  Southern 
Regional  Research  Laboratory  (20)  showed  the 
coarser  cotton  to  have  a  value  of  92%  and  the 
finer  cotton  44%'. 

Both  cottons  were  of  too  short  staple  and 
too  low  quality  to  comb  or  to  spin  down  to  the 
usual  yarn  numbers  for  9-oz.  Army  oxfords. 
Hence  they  were  made  into  coarser  carded 
yarns  which  were  of  rather  low  grade,  and 
woven  into  13-oz.  oxford  fabrics.  Plied  yarns 
were  used  in  both  warp  and  filling;  and  the 
fabrics  were  not  exceptionally  closely  woven. 

Although  the  cottons  were  very  different  in 
properties,  the  yarns  made  from  them  were 
closely  comparable  in  size  and  twist,  but  very 
different  in  closing  capacity  in  the  orifice  test 
(Table  I).     The  grey  fabrics  were  very  closely 


comparable  in  weight  and  construction  (Table 
II).  Both  fabrics  shrank  about  5%  in  width 
and  increased  about  10%  in  length  during  fin- 
ishing, according  to  thread  counts.  This  re- 
sulted in  a  net  increase  of  about  5%  in  area, 
which  made  the  fabrics  somewhat  more  open 
and  helps  account  for  the  decrease  in  weight 
per  square  yard. 

The  fabric  made  from  immature  cotton  was 
less  permeable  to  air  and  more  water  resistant, 
whether  grey  or  finished,  than  the  fabric  made 
from  mature  cotton  (Table  III).  After  finishing, 
the  preswollen  fabric  of  mature  cotton  leaked 
less  in  the  Suter^  apparatus  than  before  finish- 
ing, but  the  corresponding  preswollen  fabric 
of  immature  cotton  leaked  much  more.  Al- 
though the  water  resistance  of  the  fabric  of 
immature  cotton  was  decreased,  it  still  showed 
an  advantage  over  the  finished  mature-cotton 
fabric.  These  two  fabrics  were  tested  in  the 
rain  room  of  the  Philadelphia  Quartermaster 
Depot  and  a  slight  advantage  of  the  immature 
cotton  was  reported  (16,  p.  111). 


'  Mention  of  company  or  trade  names  is  for  information  and  convenience  only  and  does  not  imply  endorsement  by  the  U.  S. 
Department   of   Agriculture   over   firms   or   products   not   mentioned. 

*  Maturity  values  reported  earlier  by  another  laboratory  were  83%  and  40%,  respectively.  The  disagreement  between  the 
two  sets  of  results  is  considered  unimportant  for  the  present  purpose  because  both  indicate  about  equal  larie  differences 
in  maturity  as  determined  on  the  two  cottons  at  different  times.  The  higher  value,  92%  and  44%,  are  being  used  here  because 
of  accompanying  analytical  data  from  the  same   samples.    The   lower   values   were   utilized   in   previous   reports    (15,    16,    34). 
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EFFECTS  OF  MATURITY,  WEAVE,  AND  PICKAGE 


Next  was  a  group  of  fabrics  made  from 
Acala  1517 W  cotton,  available  in  3  degrees  of 
maturity,  viz.  85%,  74%,  and  58%  (Table  1) 
rated  as  fine,  fine,  and  very  fine,  respectively. 
These  cottons  in  one  known  variety  from  the 
same  source  would  normally  be  of  equal  peri- 
meters and  are  considered  to  have  differed  in 
fineness  in  accordance  with  the  principal  vari- 
able of  maturity.  The  most  mature  cotton  of 
this  group  was  finer  than  cottons  of  similar 
maturity  used  in  other  groups  of  fabrics,  but 
there  were  no  closely  similar  constructions  for 
comparisons. 

Yarns  were  spun  with  Z  twist  in  the  singles 
and  made  into  2-ply  with  S  twist,  suitable  for 
the  base  9-oz.  fabric.  Fabrics  of  both  plain  and 
oxford  constructions  were  woven  in  the  range 
of  52  to  71  picks.  All  fabrics  of  each  cotton 
were  made  with  the  same  unsized  warp,  and 
portions  of  all  fabrics  were  finished. 

Properties  of  the  fibers,  yarns,  and  fabrics, 
and  results  from  the  various  tests  are  given  in 
Tables  I,  IV,  and  V.  Valid  conclusions  regard- 
ing the  final  fabrics  cannot  necessarily  be  in- 
ferred from  their  behavior  before  finishing. 

The  fabric  of  plain  weave.  No.  113,  was 
slightly  more  water  resistant,  finished,  than 
the  similar  oxford  No.  110,  in  2  out  of  4  tests; 
it  was  not  better  in  any  of  the  tests  in  the  grey. 
Since  the  plain  fabric  was  about  1%  lighter 
in  weight  and  roughly  2%  more  open  in  tex- 
ture, more  tests  would  be  required  for  a  con- 
clusive comparison  between  the  2  weaves. 

The  immature  cotton  was  more  effective  than 
the  mature  in  reducing  air  permeability,  and 
in  increasing  water  resistance  in  terms  of  leak- 
age through  preswollen  fabrics,  as  well  as  in 
both  hydrostatic  head  and  rain  tests  on  air-dry 
samples.  These  conclusions  are  the  result  of 
18  comparisons  of  test  values,  from  3  pairs  of 
grey  fabrics,  viz.,  1  pair  with  85%  and  74% 
maturities  in  normal  pickage,  and  2  pairs  with 
85%  and  58%  in  normal  and  in  high  pickage 
(Table  V). 

Increasing  the  number  of  picks  by  about  27% 
(to  68)  improved  the  closing  of  the  grey  fabrics, 
but  there  was  slight  advantage  in  the  use  of  a 
few  additional  picks  beyond  68.  Since  the 
change  in  construction  was  only  in  the  filling, 


the  increase  in  weight  at  this  point  was  only 
13  to  14%. 

The  behavior  of  the  fabrics  was  changed  by 
finishing,  and  the  immature  cotton  did  not 
show  as  great  an  advantage.  The  fabrics  of 
plain  weave  made  from  cottons  with  a  small 
difference  in  maturity,  85%  against  74  7(,  were 
both  more  open  after  finishing,  i.  e.,  more  per- 
meable to  both  air  and  water  in  all  but  the 
rain  test,  where  both  showed  improvement 
from  finishing.  However,  the  fabric  of  the 
more  immature  cotton  was  slightly  the  better 
in  all  cases. 

Fabrics  in  the  oxford  weave  made  from  cot- 
tons with  a  greater  difference  in  maturity, 
85%  and  58%,  in  normal  and  high  pickages, 
were  all  somewhat  more  open  after  finishing; 
and  the  immature  became  less  effective  than 
the  mature-cotton  fabric.  Of  the  fabrics  of 
the  most  immature  cotton  the  one  of  highest 
pickage  was  reduced  in  air  and  water  resistance 
relatively  much  more  than  that  of  normal  pick- 
age,  in  all  tests  except  the  rain  test.  The  Bun- 
desmann'  test  with  preswollen  fabrics  is  also 
an  exception  in  that  all  high-pickage  samples, 
grey  or  finished,  showed  no  penetration  and, 
therefore,  excellent  water  resistance. 

Extremes  of  Maturity  and  Pickage.  Two 
more  cottons  with  a  very  great  difference  in 
maturity  were  made  into  oxford  fabrics,  each 
in  five  degrees  of  tightness  of  weave  obtained 
by  increases  in  the  numbers  of  picks  with  a 
given  warp.  The  cottons,  a  Deltapine  and  a 
highly  immature  cotton  of  unknown  variety, 
designated  as  "Sike,"  had  maturities  of  85% 
and  30%,  and  were  of  average  fineness  and 
very  fine,  respectively  (Table  I). 

These  cottons  were  carded,  spun,  and  twisted 
in  the  opposite  direction  to  the  singles,  to  30/2 
(Table  I),  then  woven  into  oxford  fabrics.  The 
number  of  picks  in  the  finished  fabrics  went 
up  21 7(  (to  70  and  71,  respectively)  above  the 
number  56,  the  number  for  the  initial  fabrics 
in  each  series  (Table  VI). 

The  immature  cotton  had  a  much  greater 
closing  capacity  in  grey  fabrics  (Table  VII). 
There  were  very  consistent  values  with  the 
changes  in  numbers  of  picks,  and  great  and 
consistent  differences  between  similar  fabrics 
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of  mature  and  immature  cottons.  The  improve- 
ment in  closeness  of  texture,  or  density  of 
fabric,  is  brought  out  by  the  greater  decrease 
in  air  permeability  resulting  from  the  use  of 
immature  cotton  and  additional  decrease  shown 
with  each  increase  in  number  of  picks  (Figure 
1).  The  chart  shows  that  fabrics  extremely 
impervious  to  air,  for  their  moderate  weight 
can  be  made  from  immature  cotton.  While 
objections  to  highly  immature  cotton  are  rec- 
ognized, these  results  indicate  again  that  it 
might  find  use  in  special  products  in  which 
the  large  amounts  of  noncellulosic  constituents 
are  not  too  objectionable. 

In  the  rain  test  for  penetration  the  immature 
cotton  showed  a  great  advantage,  and  further 
improvement  from  increasing  the  number  of 
picks.  When  the  grey  fabric  samples  were 
preswollen  and  the  leakage  through  them  was 
measured  at  86  cm.  head  of  water,  there  was 
a  very  regular  decrease  as  the  number  of  picks 
per  inch  was  increased,  with  leakage  at  a  much 
lower  level  through  the  immature-cotton  fab- 
rics. The  extreme  improvement  is  represented 
by  the  difference  between  1,173  and  0.1  ml. 
leakage,  brought  about  by  the  combined  effect 
of  the  difference  in  the  nature  of  the  cotton 
and  the  increase  in  number  of  picks  per  inch 
(Table  VII). 

The  properties  of  the  fabrics  and  relation- 
ships between  them  were  considerably  changed 
by  finishing.  The  rain  test  showed  that  the 
fabrics  of  this  group  as  a  whole  were  still  good 
quality  with  respect  to  water  resistance  from 
the  usual  point  of  view.  The  fabrics  made  from 
the  mature  cotton  showed  a  little  improvement 
from  finishing,  but  those  from  the  immature 


cotton  were  not  quite  as  water  resistant  as 
before.  The  fabrics  of  the  immature  cotton 
remained,  however,  slightly  better  than  the 
fabrics  of  mature  cotton  after  finishing.  Other 
test  results,  however,  including  the  lower  hy- 
drostatic pressure  values  after  finishing,  espec- 
ially for  the  fabrics  of  immature  cotton,  indi- 
cated that  the  water  resistance  was  not  as  good 
as  before  finishing. 

The  tests  on  preswollen  samples,  as  well  as 
on  the  air-dry  samples,  indicated  that  swelling 
of  the  fabrics  may  not  have  contributed  as 
much  to  water  resistance,  even  of  the  well- 
closed  grey  fabrics,  as  expected. 

The  grey  fabrics  showed  very  little  or  no 
leakage  when  tested  preswollen  on  the  Bundes- 
mann^  apparatus,  and  no  important  differences 
were  brought  out.  Leakages  in  this  test  were 
increased  by  finishing,  and  fell  into  a  consistent 
series  of  decreasing  values  with  increasing 
picks  through  the  group  of  fabrics  made  from 
each  cotton.  The  results,  especially  for  the 
finished  fabrics  with  the  greater  number  of 
picks  would  still  be  considered  good.  However, 
the  three  finished  fabrics  of  highest  pickage  of 
immature  cotton  leaked  more  than  those  made 
from  the  mature  cotton,  while  the  two  of  lowest 
pickage  leaked  less.  This  is  a  reversal  of  be- 
havior and  confirms  similar  results  with  the 
Suter  apparatus,  discussed  below.  As  a  general 
comment  on  the  good  quality  of  the  fabrics, 
none  of  the  finished  samples  tested  dry,  of 
mature  or  immature  cotton,  high  or  low  pick- 
age,  leaked  any  water  during  2  hours  under 
the  Bundesmann  shower.  This  is  excellent  per- 
formance. 


DELETERIOUS  EFFECTS  OF  FINISHING 


As  one  of  the  most  significant  results,  a 
tendency  toward  increases  in  the  openness  of 
the  mature-cotton  fabrics  by  finishing,  and  a 
more  pronounced  opening  of  the  immature- 
cotton  fabrics,  were  shown  by  increases  in  air 
perroeability.  Opening  of  fabric  by  scouring 
IS  demonstrated  directly  in  Part  IV  in  a  special 
study  of  some  of  the  important  features  of 
finishing. 

As  to  closing  by  swelling,  the  fabrics  were 
all  less  effective  after  finishing.  When  tested 
in  the  Suter  apparatus  after  preswelling,  leak- 


age was  greater  through  every  fabric  and,  most 
notable  of  all,  the  behavior  of  the  three  fabrics 
of  immature  cotton  with  the  largest  numbers 
(.f  picks  was  reversed,  as  also  in  the  Bundes- 
:nann  test.  They  leaked  more  after  finishing 
than  the  corresponding  fabrics  made  from 
mature  cotton.  The  increase  in  leakage  through 
all  of  these  fabrics  seems  to  be  accounted  for 
primarily  by  an  increase  in  openness,  or  in 
space  that  must  be  filled  by  swelling.  The  re- 
v/^ersal  may  be  partly  accounted  for  by  differ- 
ences in  swelling  capacity  of  mature  and  im- 
mature cotton  after  finishing  (Part  V). 
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Such  opening  of  fabric  structure  might  be 
due  to  stretching  during  finishing  but,  actually, 
the  cloth  shrank  in  width  during  the  wet  pro- 
cessing and  was  finished  at  the  new  width. 
Some  of  the  fabrics  were  stretched  somewhat 
in  length,  but  changes  in  dimensions  alone  did 
not  make  the  fabrics  more  open  in  texture,  as 
will  be  shown  below. 

The  increased  openness  of  texture  can  be 
most  reasonably  accounted  for  by  the  loss  of 
noncellulosic  constituents,  incident  to  finishing 
(Part  IV),  and  especially  the  much  larger  loss 
from  the  immature  cotton  owing  to  the  much 
larger  amounts  originally  present.  Evidence 
of  two  types  will  be  presented  for  this  view. 
The  first  line  of  evidence  is  somewhat  hypo- 
thetical, as  it  is  based  on  the  different  amounts 
of  noncellulosic  constituents  in  two  cottons  of 
very  different  maturities,  and  the  presumed 
behavior  of  these  constituents  during  the  scour- 
ing step  of  finishing.  The  second  is  more  "prac- 
tical," as  it  is  based  on  observed  changes  in 
weights  per  square  yard  during  finishing.  Re- 
sults by  the  two  methods  of  estimation  are  in 
good  agreement. 

Removal  of  Noncellulosic  Constituents.  The 
relative  amounts  removed  by  scouring  can  be 
inferred  from  analytical  data  (20)  from  the 
two  very  different  raw  cottons  shown  in  Table 
VIII. 

It  is  assumed  that  the  analyses  would  be  the 
same  for  grey  fabrics  as  for  the  corresponding 
raw  cottons,  and  that  the  values  given  are 
representative  of  cottons  with  45  to  50  ?(  dif- 
ference in  maturity.  Then  the  materials  re- 
moved by  scouring  should  include  practically 
all  of  the  pectin,  protein,  and  water-soluble 
constituents,  a  large  part  of  the  ash,  and  a 
smaller  proportion  of  the  wax.  Probably  the 
water-soluble  portion  does  not  include  any 
great  amount  of  the  other  constituents  given. 
If  the  noncellulosic  materials  are  taken  out  in 
about  the  same  proportions  as  originally 
present  in  the  2  cottons,  twice  as  much  would 
be  removed  from  the  immature  cotton,  or  posi- 
bly  4%  more. 

The  2  cottons  used  for  the  exploratory  fab- 
rics, Nos.  37  and  39,  were  described  above;  and 
the  performance  of  these  fabrics  was  consistent 


with  the  inferences  drawn  from  the  chemical 
analyses.  Similar  large  differences  in  the  a- 
mounts  scoured  out  can  be  assumed  for  any 
cottons  which  differ  as  greatly  in  maturity. 

Losses  of  Weight.  The  fabrics  made  from  the 
Deltapine  and  "Sike"  cottons  of  85';  and  30 '/t 
maturity,  respectively,  were  the  most  suitable 
for  the  estimation  of  losses  in  finishing.  The 
pertinent  data  (Table  VI)  showed  that  the  fab- 
rics of  mature  cotton,  with  one  exception,  fin- 
ished slightly  above  the  original  grey  weights, 
and  the  fabrics  of  immature  cotton  appreciably 
below. 


Losses  of  weight  in  finishing  are  considered 
to  be  due  mainly  to  scouring  and  can  be  judged 
by  weights  per  square  yard  if  there  have  not 
been  changes  of  weight  due  to  other  causes. 
Possible  increases  in  weight  due  to  the  addi- 
tion of  dyes  and  water  repellency  agent  were 
assumed  to  be  equal  in  fabrics  being  compared; 
and  possible  slight  differences  in  moisture  re- 
gains were  not  taken  into  account. 

The  other  important  causes  of  changes  in 
weights  per  square  yard  is  change  in  dimen- 
sions during  finishing,  which  can  be  calculated 
from  changes  in  the  number  of  ends  and  picks 
per  inch.  The  number  of  warp  ends  per  inch 
increases  in  accordance  with  the  amount  of 
shrinkage  in  width,  and  the  number  of  filling 
picks  per  inch  decreases  in  accordance  with 
any  stretch  in  length  during  finishing.  Since 
all  of  the  fabrics  under  consideration  would 
have  gained  in  weight  as  a  result  of  changes 
in  dimensions,  the  "theoretical"  gains  were 
calculated.  The  observed  weights  after  finish- 
ing were  all  lower  than  the  calculated  weights, 
and  the  losses  in  weight  due  to  finishing  were 
estimated. 

Four  fabrics  of  mature  cotton  which  had  a 
small  net  gain  in  weight,  had  a  calculated  aver- 
age loss  on  finishing  of  1.9''  .  The  correspond- 
ing 4  fabrics  of  immature  cotton  lost  amounts 
equal  to  the  theoretical  gains  plus  the  observed 
losses,  or  an  average  total  of  6.3 "^^  .  Hence  the 
fabrics  of  immature  cotton  lost  4.4^7  more 
weight  than  the  others,  which  no  doubt  ac- 
counts in  large  part  for  their  greater  increase 
in  air  permeability  as  well  as  other  effects  of 
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more  open  texture.  The  4.4'/  is  in  good  agree- 
ment with  the  4'y  calculated  above  from  the 
chemical  analyses,  considering  the  necessarily 
rough  nature  of  both  estimates. 

It  was  concluded  that  any  advantage  which 


might  be  gained  from  the  fineness  of  a  highly 
immature  cotton  in  the  establishment  of  a  finer 
capillary  system  in  a  fabric  of  given  volume 
might  be  largely  offset  by  its  greater  loss  of 
noncellulosic  constituents  and  the  correspond- 
ing increase  in  openness  of  texture. 


CONTRIBUTION  OF  SWELLING 


The  significance  of  swelling  for  the  experi- 
mental fabrics  of  this  study  is  to  be  taken  up 
in  Part  V,  but  the  most  apparent  effects  of 
swelling  in  the  fabrics  just  described  will  be 
pointed  out  now.  In  special  tests,  prewetted 
samples,  which  were  supposed  to  have  ap- 
proached their  maximum  degree  of  swelling, 
were  found  to  allow  the  passage  of  more  water 
at  a  given  head  than  ordinary  air-dry  samples 
of  the  same  fabrics.  Such  fabrics  would  seem 
to  be  not  properly  designated  as  swelling  type. 

While  it  may  or  may  not  seem  logical  to  com- 
pare amounts  of  leakage  through  fabrics  dry 
and  preswollen,  a  few  leakages  under  both 
conditions  are  shown  in  Table  IX.  The  fabrics 
include  those  of  lowest,  middle,  and  highest 
numbers  of  picks  per  inch,  made  from  the 
cottons  (3f  859^  ,  30  7r ,  and  74'/  maturities.  The 
preswollen  samples  whether  grey  or  finished 
leaked  more,  roughly  up  to  10  or  20  times  as 
much  as  the  corresponding  samples  tested  air- 
dry,  with  2  important  exceptions.  These  were 
the  fabrics  of  immature  cotton  of  middle  and 
highest  pickage  (Nos.  121  and  123),  which, 
after  finishing,  leaked  less  preswollen  than 
dry,  and  thus  showed  evidence  of  some  closing 
by  swelling.  They  were  not,  however,  of  swell- 
ing type.  In  fact,  only  one  (No.  105)  of  the 
finished  fabrics  in  the  table  leaked  so  little  as 
to  be  considered  a  swelling-type  fabric. 

The  Table  (IX)  includes  data  on  leakage  of 
fabrics  after  scouring.   Scouring  is  taken  up  in 


more  detail  under  effects  of  finishing  (Part  IV) 
for  a  different  group  of  fabrics.  While  scouring 
ought  to  favor  swelling,  no  such  effect  is  clearly 
evident  because  scouring  opened  the  texture 
and  increased  the  leakage  through  every  fabric 
whether  tested  air-dry  or  preswollen.  How- 
ever, the  leakage  at  this  point  in  finishing  prob- 
ably gives  a  good  idea  of  intrinsic  swelling 
and  closing  capacities  of  fabrics,  because  they 
are  then  more  nearly  free  from  effects  of  re- 
pellency  or  of  retained  air  than  at  any  other 
time  during  manufacture  or  finishing.  The 
improvement  with  increase  in  number  of  picks 
is  easily  seen  for  each  cotton;  also  some  im- 
provement is  seen  through  the  use  of  imma- 
ture cotton,  in  spite  of  the  loss  of  more  non- 
cellulosic constituents.  The  greater  swelling 
capacity  of  immature  cotton  indicated  by  the 
centrifuge  method  appears  to  be  confirmed. 

Since  an  intrinsic  better  closing  capacity  of 
very  immature  cotton  failed  to  come  into  full 
effect  in  finished  fabrics,  attention  is  called 
again  to  a  possible  advantage  of  cotton  which 
is  not  particularly  mature  or  highly  immature, 
although  relatively  fine.  The  finished  plain- 
weave  fabric  of  cotton  of  74%  maturity,  No. 
101,  was  slightly  more  water  resistant  than 
the  comparable  fabric,  No.  113,  of  cotton  of 
85'/  maturity  (Table  V).  There  was  an  earlier 
similar  example  in  Part  II,  but  no  general  con- 
clusion can  be  drawn  from  the  few  available 
observations. 


PROPERTIES  OF  FABRICS  OF  NEW  CONSTRUCTIONS 


The  insertion  of  unusually  large  numbers  of 
picks  per  inch  resulted  in  virtually  new  fabric 
constructions.  Several  different  cottons  were 
each  used  in  a  series  of  fabrics  in  which  the 
one  variable  of  picks  per  inch  was  changed. 
This  resulted  in  the  changing  of  important  fab- 
ric properties  to  degrees  which  were  found 
greater  than  proportional  to  the  progressive 


increase  in  number  of  picks.  Some  of  these 
changes  in  physical  properties  have  probably 
not  been  observed  heretofore,  because  such 
fabrics  have  not  been  available.  They  were 
woven  with  a  special  loom  attachment  for  in- 
troducing high  pickages  (21). 

Plain  Fabrics.    The  first  of  these  new  con- 
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struction  fabrics  were  in  plain  weave,  Nos.  101 
to  105  in  Table  IV,  and  were  made  from  cotton 
of  14'/<  (or  average)  maturity  from  yarns  des- 
cribed in  Table  I-B.  The  numbers  of  picks  ran 
from  54  to  71,  an  increase  of  17,  or  31.57(  (18 
picks,  or  34 7f,  after  finishing).  The  highest 
number  of  extra  picks  made  a  difference  of  1.5 
oz.  per  sq.  yd.,  or  16.7%,  in  fabric  weight 
(13.6%  finished).  The  warp  crimp  increased 
as  would  be  expected,  but  the  cloth  thickness 
showed  a  quite  consistent  tendency  to  decrease 
by  a  total  through  the  series  of  about  4% 
{3.17c  finished).  The  extreme  fabric  in  the 
series  was  thus  much  more  tightly  constructed, 
or  more  dense,  than  normal.  In  the  grey  it 
had  16.7%  more  cotton  packed  into  4%  less 
volume,  as  indicated  by  the  4%  less  thickness. 
Bulk  densities  of  some  of  the  fabrics  have  been 
studied  (Part  V). 

Warp  strength  decreased  by  about  9%  as 
picks  increased.  Filling  strength  increased  by 
about  64%,  far  more  than  accounted  for  by 
the  31.5%  extra  picks.  Presumably  the  tight 
packing  indicated  above,  was  an  important 
factor  in  this  increased  strength.  As  a  result, 
the  series  started  with  the  grey  cloth  of  normal 
pickage  appreciably  weaker  (15%  )  in  the  filling 
than  in  the  warp  direction  and  ended  with  the 
filling  52%  stronger.  The  difference  was  al- 
most as  great  in  the  finished  fabrics  with  a 
change  from  23%  weaker  in  the  filling  of  nor- 
mal pickage  to  33%  stronger  than  the  warp 
at  the  high  pickage  (Table  IV). 

Small  differences  in  tear  strength  (trape- 
zoid) observed  across  the  warps  of  the  finished 
fabrics  seem  to  have  no  significance.  The 
tendency  to  a  small  gain  in  filling  tear  strength 
with  increase  in  picks  may  be  significant, 
especially  in  view  of  the  results  with  the  ox- 
ford fabrics,  below. 

Oxford  Fabrics.  Comparable  oxford  fabrics 
with  a  great  difference  in  numbers  of  filling 
picks  were  made — Nos.  106  and  107  from  the 
least  mature  (58%),  and  Nos.  110  and  111  from 
the  most  mature  (85%)  cottons  of  the  group 
of  three  (Table  IV).  The  differences  between 
the  normal  and  high-pickage  oxfords  were  gen- 
erally similar  to  those  in  the  plain  weave 
series.  The  two  fabrics  of  this  oxford  group 
with  15  and  16  extra  picks  in  the  grey,  were 
thinner  by  4.4%   and  9.2"/?,  respectively,  than 


the  comparable  fabrics  of  normal  pickage  al- 
though 13%  or  14%  heavier. 

Warp  breaking  strengths  went  down  by 
9  to  157( ,  and  filling  strengths  went  up  by  33 
to  49%  with  the  increase  in  picks,  so  that  fab- 
rics which  were  stronger  in  the  warp  than  in 
the  filling  became  stronger  in  the  filling  than 
in  the  warp;  a  similar  relationship  held  after 
finishing.  Tear  strengths  of  the  high  pickage 
oxfords  were  higher  in  the  filling,  by  14  to  26  9f 
of  the  values  for  fabrics  of  normal  pickage, 
when  they  might  be  expected  to  be  lower. 

In  2  other  series  of  5  fabrics  each,  made  from 
the  cottons  of  extremes  of  maturity,  85  7f  and 
30  % ,  the  numbers  of  picks  were  increased  in 
4  steps,  from  56  to  72  or  73  (Table  VI)  to  maxi- 
ma of  29%  or  30%  above  normal.  There  were 
gains  in  filling  strength,  again  in  appreciably 
greater  proportions  than  the  increase  in  num- 
bers of  picks,  to  maxima  of  429? .  While  the 
filling  strength  in  each  series  increased  in  ouite 
a  regular  manner,  the  warp  strength  did  not 
drop  progressively  as  with  the  plain  weaves, 
but  showed  small  variations  with  no  particular 
tendency. 

Strengths  in  the  warp  direction  in  the  fin- 
ished goods  were  lower  than  in  the  grey  and 
were  about  equally  erratic.  Strengths  in  the 
filling  direction  were  all  decreased  by  10  to 
16%  by  finishing,  but  the  regular  increase  in 
strength  persisted  through  the  series  for  each 
cotton  with  increase  in  number  of  picks.  The 
decrease  upon  finishing  was  least  for  the  fab- 
rics of  highest  pickage,  leaving  them  54%  and 
45%  stronger  than  the  finished  fabrics  of  low- 
est pickage  of  mature  and  immature  cotton, 
respectively.  This  was  a  considerably  greater 
gain  than  would  be  accounted  for  by  the  added 
filling  threads  alone — 25  to  21 7<  extra  picks  in 
the  finished  fabric.  There  were  variations  of 
6  to  129'  in  the  tear  strength  (trapezoid)  across 
the  warps  of  the  finished  fabrics,  with  a  ten- 
dency downward  as  the  number  of  picks  in- 
creased. There  were  quite  regular  increases 
in  filling  tear  strengths  in  the  finished  fabrics, 
up  to  259^  and  289'  through  the  series. 

There  was  again  a  tendency,  not  so  consistent 
as  before,  for  both  grey  and  finished  fabrics 
to  decrease  in  thickness  with  increase  in  pick- 
age  (and  weight),  but  with  no  indication  of  an 
increase  in  thickness  with  extra  picks. 
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EXTREME  MATURITY,  AND  PHYSICAL  PROPERTIES  OF  YARNS 

AND  FABRICS 


The  use  of  cottons  which  differed  widely  in 
maturity  gave  an  unusual  opportunity  to  ob- 
serve differences  between  yarns,  also  between 
fabrics  (both  grey  and  finished),  due  to  this 
variable. 

Effects  on  Yarns.  At  least  two  of  the  cottons 
were  so  underdeveloped  as  to  be  called  hollies, 
and  were  used  purposely,  to  represent  extreme 
immaturity.  They  naturally  did  not  card  and 
spin  as  well  as  normal  cotton,  and  gave  an 
abnormally  large  amount  of  waste. 

Of  the  yarns  (carded)  made  from  the  group 
of  cottons  of  85  9f,  "74%,  and  58%  maturities, 
the  warp  and  filling  from  the  74%  were  weaker 
by  6.7  and  137( ,  respectively,  than  those  from 
the  most  mature  (85%)  cotton.  The  warp  and 
filling  yarns  from  the  58  %  mature  cotton  were 
20%  and  13%  weaker.  Yarns  from  the  cottons 
of  85%  and  74%  maturities  did  not  differ  in 
elongation-at-break,  but  elongations  of  the 
yarns  made  from  the  cotton  of  58%  maturity 
were  (unaccountably)  lower  (Table  I-B).  Fi- 
nally, of  the  yarns  made  from  the  last  and 
most  extreme  cottons  covered  by  this  paper, 
those  of  857(  and  30 9*  maturity,  the  warp  and 
filling  of  the  immature  cotton  were  about  1 
yarn  number  finer  (3  to  47r)  yet  were  only 
13%  and  6.7'/?  lower  in  strength,  respectively. 
Elongations-at-break  of  the  warp  and  filling 
yarns  from  the  immature  cotton  were  30.1 7< 
and  21.5/^    higher,  respectively. 

The  tendency  was  for  hiehly  immature  cot- 
tons (307'  and  447  maturity)  to  yield  yarns 
that  were  lower  in  strength  but  higher  in  elon- 


gation, than  corresponding  yarns  of  mature 
cotton  (85%).  It  is  probable  that  immature 
cottons  in  this  range  differ  greatly  and  do  not 
follow  very  definite  rules. 

Effects  on  Fabrics.  The  grey  oxford  fabric 
made  from  extremely  immature  (447  )  cotton, 
was  only  9%  and  12%  weaker  in  the  warp 
and  filling  directions,  respectively,  than  that 
made  from  the  mature  cotton  (927  )•  The  elon- 
gations in  the  warp  direction  in  the  two  fabrics 
were  high  and  equal.  The  filling  elongations 
differed,  apparently  in  accordance  with  the 
elongations  of  the  yarns. 

In  the  series  of  fabrics  made  from  the  cottons 
of  85%  ,  747  ,  and  587  maturities,  those  from 
the  less  mature  cottons  were  weaker  than  the 
fabrics  from  the  most  mature  cotton.  Other 
comparisons  can  be  made  from  Table  IV. 

Comparisons  between  the  Deltapine  (857 
maturity)  and  "Sike"  (307  )  cottons  are  con- 
sidered more  significant  than  those  above,  be- 
cause 5  fabrics  were  made  from  each  cotton. 
The  strengths  in  the  warp  direction  were 
equal  in  the  corresponding  grey  fabrics  at  each 
of  four  different  pickages  (Table  VI).  In  the 
filling,  however,  the  strengths  were  lower  for 
the  immature  cotton  in  each  comparable  pair 
of  grey  fabrics,  by  an  average  of  117  .  There 
were  relatively  small  differences  in  elonga- 
tions-at-break and  tear  strength.  The  high  im- 
maturity of  the  cotton  did  not  cause  the  fabrics 
to  be  much  lower  in  strength,  or  to  differ 
greatly  in  the  other  physical  properties  tested. 


SUMMARY 


Water-resistant  fabrics  in  plain  and  oxford 
constructions  have  been  made  from  cottons  of 
30  to  927  maturity;  some  of  these  fabrics  con- 
tained up  to  317  more  picks  per  inch  than  can 
commonly  be  inserted  in  such  goods.  Fabrics 
in  the  grey  made  from  very  immature  cotton 
were  least  permeable  to  air.  Some  of  those 
with  the  greater  number  of  picks  per  inch  were 
so  impermeable  as  to  suggest  the  use  of  very 
immature  cotton  for  making  goods  of  moderate 


weight  highly  impermeable  to  air,  if  they  do 
not  have  to  be  finished. 

Water  resistance  of  fabrics  before  finishing 
showed  improvement  with  immaturity  of  cot- 
ton and  with  increasing  numbers  of  picks. 
Water  resistance  was  reduced  by  finishing,  and 
then  some  of  the  fabrics  of  highest  pickage  of 
immature  cotton  were  not  as  water  resistant 
as  corresponding  fabrics  of  mature  cotton. 
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A  fabric  of  high  pickage  and  plain  weave, 
No.  105,  made  from  rather  fine  cotton  of  74/^ 
maturity,  was  the  most  water  resistant  of  any 
of  the  fabrics  after  finishing.  This  agrees  with 
other  observations  which  indicate  that  cottons 
in  the  range  from  immature  to  average,  70  to 
81%  maturity,  may  be  best  for  swelling-type 
fabrics.  Intrinsic  fineness  may  have  had  an 
influence  on  these  results,  but  available  data 
are  insufficient  to  establish  this  point.  Highly 
immature  cottons  may  be  of  special  interest  for 
swelling-type  fabrics  which  do  not  have  to  be 
finished.  They  have  intrinsic  high  closing  capa- 
city which  is  largely  offset  during  finishing  by 
loss  of  noncellulosic  constituents  and  loss  of 
fiber  swelling  capacity.  The  contribution  of 
swelling  to  water  resistance  does  not  seem  to 
be  very  great  under  ordinary  conditions.  Of 
the  fabrics  of  this  paper  in  the  grey,  Nos.  IC 
104,  105,  107,  and  111,  would  probably  qualify 
as  of  swelling  type.  Fabrics  Nos.  103  and  10^ 
would  probably  be  considered  borderline,  after 
finishing;  No.   105  was  probably  of  swelling 


type,  finished,  but  Nos.  107  and  111  were  not. 
However,  as  mentioned  before,  there  is  no  ac- 
cepted definition  of  the  term  "swelling  type." 

The  unique  fabrics  produced  showed  unusual 
properties.  Fabrics  of  plain  and  oxford  weaves 
were  increased  in  filling  strength  in  much 
greater  proportion  than  would  correspond  with 
the  number  of  extra  picks  inserted.  There  was 
the  unusual  result,  also,  that  fabrics  with  a 
relatively  large  number  of  additional  picks 
came  out  thinner,  although  heavier,  than  simi- 
lar fabrics  of  normal  pickage.  Tear  strengths 
across  the  filling  were  increased  with  greater 
numbers  of  picks  even  though  tighter  weaves 
in  general  tend  to  reduce  tear  strength. 

The  tendency  was  toward  lower  strength 
and  greater  elongation  in  yarns  and  fabrics 
made  from  the  most  immature  cottons  tested. 
There  was,  however,  but  little  difference  in  the 
strengths  of  some  of  the  products  made  from 
very  different  cottons. 
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Table  1. 

A.     Fiber 


Fiber  and  yarn  properties 


Fabric 

Variety 
ot  cotton 

Maturity 
(caustic  soda) 

Classer's  designation 

Fineness 

number 

Grade 

Staple 

(by  weight) 

% 

m 

ug/in 

37 

Unknown 

92 

LM 

to  SLM 

29/32 

5.6 

39 

Unknown 

44 

M    (Spotted: 

1 

13/16 

3.6 

110.    111.    113 

Acala  1517W 

85 

GM 

1-3/16 

3.3 

101-105 

Acala   1S17W 

74 

SM 

1-3/32 

3.2 

106-107 

Acala   1517W 

58 

SLM 

1-5/32 

2.5 

114-118 

Oeltapine 

85 

1-1/16 

4.4 

119-123 

"Sike"  (Unknown) 

30 

1-1/16 

2.6 

B.     Yarn 

Fabric 

Yarn                                   _ 

Twist  multiplier 

Breaking   tests. 

single   strand 

Seepages  in 
orifice  test 

number 

number 

Singles 

Ply           Strength 

Elongation 

Ih 

% 

ml/1 0  min 

37 

Warp 
Filling 

13.5/2 
13.5/2 

5.0 
4.5 

5.9 
5.9 

2.8 

5.5 

11.8 

39 

Warp 

13.2/2 

5.0 

5.9 

2.3 

7.1 

1.0 

Filling 

13.2/2 

4.5 

5.9 

... 

... 

110.  111.  113 

Warp 

34.9/2 

3.5 

4.2 

IS 

6.7 

5.4 

Filling 

21.8/2 

3.5 

3.8 

2.3 

7.2 

5.1 

101-105 

Warp 

34.8/2 

3.5 

4.2 

1.4 

6.7 

5.0 

Filling 

23.0/2 

3.5 

3.8 

2.0 

7.1 

5.0 

106,  107 

Warp 

35.2/2 

3.5 

4.2 

1.2 

6.2 

.7 

FilUng 

21.7/2 

3.5 

3.8 

2.0 

5.9 

.5 

114-118 

Warp 

29.6/2 

4.6 

5.1 

1.5 

7.5 

9.4 

Filling 

30.0/2 

4.6 

3.3 

1.5 

6.5 

10.1 

119-123 

Warp 

30.6/2 

4.6 

5.1 

1.3 

9.8 

.3 

Filling 

31.2/2 

4.6 

3.3 

1.4 

7.9 

.1 

Table  II.     Physical  properties  of  Oxford  fabrics 


Maturity 

of 

cotton 

Construction 

Weight 

Thickness 

Breaking  tests  (strip  ■) 

Fabric 

Streni 

Warp 
gth     Elongation 

% 

Fii: 
Strength 

lb 

ling 

number 

Warp 

FilUng 

Elongation 

% 

ends 

picks 

oz/  sq  yd 

in 

lb 

% 

A.     GREY: 

37 

92 

76 

38 

13.5 

0.0321 

176 

42.0 

110 

9.0 

39 

44 

77 

37 

13.3 

.0329 

160 

42.0 

97 

12.0 

B.     FINISHED: 

37 

92 

80 

34 

12.3 

163 

25.6 

98 

15.3 

39 

44 

80 

33 

11.9 

151 

24.0 

84 

16.0 

'  Strip  breaks  based  on  thread  counts  in  grey  fabric. 


Table  III. 

A 

ir  and  water  resistance  of  Oxford  fabrics 

Fabric 
number 

Maturity 

of 

cotton 

Air   permeability. 
Permeometer 

Hydro- 
static 
pressure 

Hydrostatic  leakage,  _ 
prewet  samples, 
25-cm.    head 

Bundesmann 
Air-dry 
samples 

penetration 
Prewet 
samples 

% 

ft3/min/ft2- 

head,  cm 

ml/ 5  min 

ml/ 20  min 

ml/20  min 

A.     GREY: 

37 

92 

1.8 

62 

1675 

16. 

140. 

39 

44 

1.2 

89 

196 

0.0 

5.0 

B.     FINISHED: 

37 

92 

1.8 

40 

1395 

.0 

108. 

39 

44 

1.1 

44 

530 

.0 

36. 

35 


Table  IV.     Physical  properties  of  fabrics  of  Oxford  and  plain  weaves  (AC ALA  1517W) 


Maturity         Type 
Fabric  of  of 

number     cotton  Weave 


Breaking  tests  (strip) ' 


Construction 

Weight 

Thickness 

Warp 
crimp 

Warp 
Strength  Elong. 

Filling 
Strength       Elong. 

1 

cover 

Warp 

Filling 

'actors 

ends 

picks 

oz/sq  yd   in 

% 

lb 

% 

lb 

% 

124 

53 

9.0 

0.0181 

18.8 

182 

29.3 

139 

11.0 

45.7 

126 

68 

10.3 

.0173 

24.0 

166 

36.0 

207 

12.7 

50.8 

122 

52 

8.9 

.0176 

20.0 

154 

25.3 

125 

7.7 

45.0 

122 

54 

9.0 

.0175 

20.4 

146 

26.0 

124 

7.7 

45.2 

122 

60 

9.6 

.0176 

25.2 

148 

29.0 

142 

7.3 

46.9 

122 

68 

10.2 

.0168 

28.8 

135 

27.0 

191 

9.3 

49.3 

122 

69 

10.3 

.0171 

29.2 

139 

26.7 

195 

10.0 

49.6 

122 

71 

10.5 

.0168 

30.0 

133 

27.0 

203 

9.0 

50.2 

124 

52 

9.0 

.0185 

17.6 

149 

25.7 

129 

10.3 

45.4 

124 

68 

10.2 

.0168 

22.8 

126 

,      28.7 

178 

11.0 

50.2 

Trapezoid  tear 

Warp 

FUUng 

lb 

lb 

128 

53 

9.1 

.0162 

14.4 

134 

25.0 

116 

15.0 

15.0 

\     5.8 

130 

67 

10.2 

.0161 

18.0 

151 

28.7 

178 

17.0 

14.3 

1     7.3 

123 

54 

9.0 

.0167 

20.0 

141 

26.0 

105 

9.3 

15.5 

\     5.5 

124 

53 

8.9 

.0164 

18.4 

139 

25.0 

107 

8.7 

15.1 

5.0 

124 

60 

9.4 

.0161 

23.6 

135 

27.7 

124 

10.0 

14.S 

1      5.1 

122 

69 

10.0 

.0159 

26.4 

134 

27.3 

155 

10.0 

14.3 

1     5.6 

122 

70 

10.1 

.0160 

28.0 

133 

29.3 

167 

11.3 

13.6 

1     5.4 

122 

71 

10.3 

.0159 

29.2 

128 

29.7 

172 

10.7 

14.7 

5.4 

130 

51 

8.3 

.0154 

11.2 

126 

19.7 

103 

15.3 

11.5 

.     5.7 

130 

66 

9.5 

.0154 

15.2 

118 

24.7 

149 

17.7 

11.5 

6.5 

A.     GREY: 

110 

85 

Oxford 

111 

85 

Oxford 

113 

85 

Plain 

101 

74 

PUin 

102 

74 

Plain 

103 

74 

Plain 

104 

74 

Plain 

105 

74 

Plain 

106 

58 

Oxford 

107 

58 

Oxford 

B.     FINISHED: 


110 

85 

Oxford 

111 

85 

Oxford 

113 

85 

Plain 

101 

74 

Plain 

102 

74 

Plain 

103 

74 

Plain 

104 

74 

Plain 

105 

74 

Plain 

106 

58 

Oxford 

107 

58 

Oxford 

'  strip  breaks  based  on  thread  counts  in  the  grey  fabric. 


Table  V.     Air  and  water  resistance  of  fabrics  of  oxford  and  plain  weaves  (Acala  1517  W) 


Maturity      Type 
Fabric  of  of 

number    cotton        weave 


Construction 


Air  permeability 


Warp       Filling 


.   Hydro- 
Densometer       static 
Permeometer  (tlme/300  cc.)  pressure 


Hydrostatic 

leakage 

prewet  samples, 

86  cm.  head 


Bundesmann  Rain  test, 
penethration,  8-ft.   head, 

prewet      sample  6  in. 

samples     from  nozzle 


A.     GREY 

110 

85 

Oxford 

111 

85 

Oxford 

113 

85 

Plain 

101 

74 

Plain 

102 

74 

Plain 

103 

74 

Plain 

104 

74 

Plain 

105 

74 

Plain 

106 

58 

Oxford 

107 

58 

Oxford 

B.     FINISHED: 

110 

85 

Oxford 

111 

85 

Oxford 

113 

85 

Plain 

101 

74 

Plain 

102 

74 

Plain 

103 

74 

Plain 

104 

74 

Plain 

105 

74 

Plain 

106 

58 

Oxford 

107 

58 

Oxford 

ends      picks 


124 

53 

126 

68 

122 

52 

122 

54 

122 

60 

122 

68 

122 

69 

122 

71 

124 

52 

124 

68 

128 

53 

130 

67 

123 

54 

124 

53 

124 

60 

122 

69 

122 

70 

122 

71 

130 

51 

130 

66 

0.72 
.21 
.99 
.93 
.48 
.0 
.0 
.0 
.27 
.0 


.87 
.30 
.96 
.90 
.57 
.15 
.18 
.18 
.93 
.90 


■in:sec 

head,  cm 

ml/5  min 

ml/20  min  gm/20  i 

11:26 

69 

364 

2.8 

5.16 

42:21 

113 

7.9 

.0 

.52 

8:15 

67 

656 

4.3 

Over 

10. 

10:48 

73 

382 

12 

Over 

10. 

19:24 

82 

67 

0.1 

1.68 

49:54 

143 

1.7 

.0 

.48 

53:06 

159 

.1 

.0 

.44 

58:30 

161 

.0 

.0 

.44 

28:38 

61 

90 

.2 

1.65 

122:00 

123 

0.1 

.0 

.54 

10:28 

51 

2449 

17 

2.89 

30:17 

69 

122 

0.0 

.47 

7:11 

59 

2224 

20 

4.53 

8:27 

62 

1900 

14 

3.66 

13:55 

78 

476 

0.1 

.58 

29:29 

90 

27 

.0 

.36 

33:46 

93 

18 

.0 

.42 

35:28 

98 

9.2 

.0 

.35 

9:14 

46 

2869 

8.1 

2.39 

10:48 

53 

339 

.0 

.98 
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Table  VI.     Physical  properties  of  oxford  fabrics 


Fabric  number 
and  kind 

Maturity 

of 

cotton 

Construction 
Warp     Filling 

Weight 

Thickness 

Warp 
crimp 

Breaking 

tests,   (strip) 

1 

Warp 

Filling 

cover 

of  cotton 

Strength     Elong. 

Strength 

Elong. 

factors 

% 

ends 

picks 

oz/sq  yd 

in 

% 

lb 

% 

lb 

% 

A.     GREY: 

114  Deltapine 

85 

124 

56 

9.3 

0.0184 

17.6 

170 

32.0 

104 

11.3 

46.7 

115  Deltapine 

85 

124 

60 

9.4 

.0176 

18.8 

158 

30.3 

113 

11.3 

47.7 

116  Deltapine 

85 

124 

64 

9.7 

.0173 

18.4 

182 

32.7 

120 

12.7 

48.8 

117  Deltapine 

85 

124 

68 

10.0 

.0180 

22.0 

162 

34.3 

145 

12.7 

49.8 

118  Deltapine 

85 

124 

72 

10.2 

.0171 

17.2 

176 

35.0 

148 

11.7 

50.8 

119  "Sike" 

30 

124 

56 

8.8 

.0171 

15.S 

171 

28.0 

94 

12.7 

45.9 

120  "Sike" 

30 

124 

60 

9.1 

.0172 

18.0 

157 

29.0 

102 

14.0 

46.9 

121  "Sike" 

30 

124 

64 

9.3 

.0179 

18.8 

168 

33.0 

108 

12.7 

47.9 

122  "Sike" 

30 

124 

68 

9.4 

.0171 

21.6 

163 

34.3 

122 

12.3 

48.9 

123  "Sike" 

30 

125 

73 

9.8 

.0166 

20.0 

174 

35.0 

133 

15.3 
Trj 

50.4 
ipezoid  tear 

B.     FINISHED: 

^arp   Filling 

114  Deltapine 

85 

128 

56 

9.4 

.0171 

14.8 

157 

27.7 

87 

14.3 

17.3     4.7 

115  Deltapine 

85 

128 

60 

9.6 

.0172 

16.0 

157 

29.7 

99 

14.7 

17.7     4.7 

116  Deltapine 

85 

128 

64 

9.8 

.0170 

17.2 

161 

31.3 

106 

15.3 

16.8     5.1 

117  Deltapine 

85 

128 

66 

10.1 

.0169 

17.6 

152 

31.7 

118 

15.7 

17.0     5.1 

118  Deltapine 

85 

130 

70 

10.2 

.0164 

18.0 

141 

32.0 

134 

15.7 

15.8     6.0 

119  "Sike" 

30 

130 

56 

8.5 

.0155 

10.8 

139 

23.7 

83 

17.3 

15.4     4.9 

120  "Sike" 

30 

130 

59 

8.8 

.0156 

11.6 

149 

25.3 

96 

18.3 

15.8     5.0 

121   "Sike" 

30 

130 

63 

9.0 

.0156 

12.4 

145 

26.7 

94 

17.0 

15.1      5.4 

122  "Sike" 

30 

130 

65 

9.3 

.0155 

14.4 

144 

26.3 

107 

20.0 

14.8     5.3 

123  "Sike" 

30 

130 

71 

9.5 

.0152 

15.2 

149 

28.0 

120 

20.3 

15.1      6.1 

>  Strip  breaks  based  on  thread  counts  in  the  grey  fabric. 


Table  VII.     Air  and  water  resistance  of  oxford  fabrics 


Fabric  number 

Maturity 

of 

cotton 

Construction 
Warp      Filling 

Air 

permeability 

_     Hydro- 
static 
pressure 

Hydrostatic 
leakage, 
prewet, 

86-cm.head 

Bundesmann 

penetration, 

prewet 

Rain  test. 
8-ft.  head. 

and  kind 
of  cotton 

Permeometer 

Densometer 
(time/300cc) 

6  in.  from 
nozzle 

% 

ends 

picks 

ff/min/ft' 

min:sec       head,cm    ml/5  min   m 

1/20  min     gm/20  min 

A.     GREY: 

114  Deltapine 

85 

124 

56 

0.87 

9:03 

65 

1173 

5.6     Over 

10 

115  Deltapine 

85 

124 

60 

.60 

11:22 

70 

667 

1.0 

5.09 

116  Deltapine 

85 

124 

64 

.36 

14:23 

80 

209 

0.0 

1.73 

117  Deltapine 

85 

124 

68 

.24 

21:34 

86 

74 

.0 

.93 

118  Deltapine 

85 

124 

72 

.09 

32.-49 

95 

20 

.0 

.62 

119  "Sike" 

30 

124 

56 

.21 

36:49 

88 

29 

.0 

.82 

120  "Sike" 

30 

124 

60 

.0 

48:00 

99 

11 

.2 

.82 

121  "Sike" 

30 

124 

64 

.0 

58:08 

108 

3.5 

.1 

.47 

122  "Sike" 

30 

124 

68 

.0 

78:00 

114 

1.0 

.0 

.45 

123  "Sike" 

30 

125 

73 

.0 

115.00 

116 

.1 

.0 

.32 

B.     FINISHED: 

114  Deltapine 

85 

128 

56 

.87 

9:42 

55 

2186 

9.3 

2.69 

115  Deltapine 

85 

128 

60 

.60 

12:58 

62 

1295 

5.3 

1.03 

116  Deltapine 

85 

128 

64 

.54 

14:35 

63 

604 

.8 

.73 

117  Deltapine 

85 

128 

66 

.45 

21:53 

68 

264 

.0 

.53 

118  Deltapine 

85 

130 

70 

.15 

28:04 

74 

126 

.0 

.45 

119  "Sike" 

30 

130 

56 

.57 

11:24 

51 

1962 

5.2 

1.10 

i20  "Sike" 

30 

130 

59 

.60 

13:03 

51 

1024 

2.8 

.81 

121  "Sike" 

30 

130 

63 

.57 

15:23 

52 

772 

2.4 

.66 

122  "Sike" 

30 

130 

65 

.51 

15:23 

52 

509 

.6 

.57 

123  "Sike" 

30 

130 

71 

.57 

16:13 

53 

176 

.1 

.44 
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Table  IX. 

Leakage 

through 

air-dry  and  i 

oreswollen 

fabrics 

(Suter, 

86 

-cm.  head, 

) 

Number  and 
description 

Maturity 

of 

cotton 

Filling 

picks, 

per  inch 

Air  dry 

PreswoUen 

Table  VIII. 

Noncellulosic  constituents  of  mature 
and  immature  cottons 

114 

Grey 
Scoured 

% 
85 

56 
56 

ml/5  min 

177 
1974 

ml/ 5  min 
1173 

Constituent 

92%   Maturity 

44%   Maturity 

1276 

% 

% 

Finished 

56 

259 

2186 

Ash 

Pectin 

Protein 

Water  Soluble 

Wax 

0.79 
.56 

1. 

2.08 
.45 

1.32 
1.23 
2. 

3.05 
1.14 

116 
118 

Grey 

Scoured 

Finished 

Grey 

Scoured 

Finished 

85 
85 

64 
64 
64 
72 
72 
70 

21 

839 

28 

9.5 

201 

8.5 

209 
440 
604 
20 
44 
126 

Total 

4.88 

8.74 

119 

Grey 

Scoured 

Finished 

30 

56 
56 
56 

4.8 
1012 
1609 

29 

473 
1962 

-- 

121 

Grey 

Scoured 

Finished 

30 

64 
63 
63 

0.3 
588 
1302 

3.5 
152 
772 

123 

Grey 

Scoured 

Finished 

30 

73 
74 
71 

0.1 
72 
1456 

0.1 
17 
176 

117 

Finished 

85 

66 

20 

264 

105 

Finished 

74 

71 

0.1 

9.2 

UJ 

I- 

3 


85%  Maturity 


30^  Maturity 


100 


JIl 


5Q 
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56        60       64       68        72  56        60       64       68       72 

PICKS  PER   INCH 

Figure  1.     Permeability  to  Air  (Densometer).    Time  for  flow  of  300  cc.  of  air  was  greatly  increased  by  the 
use  of  very  immature  cotton  and  high  pickage. 
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INTRODUCTION 


Advantage  was  taken  of  an  opportunity  to 
obtain  cottons  which  had  been  selected  for 
fineness  by  an  airflow  method  (28),  and  to  make 
water-resistant  fabrics  from  them.  Fabrics 
were  included  of  much  closer  weave  than  nor- 
mal, made  by  the  insertion  of  additional  filling 
picks  up  to  30''^  more.  These  cottons  and  fab- 
rics have  served  especially  to  confirm  some  of 
the  unusual  or  unexpected  results  obtained  and 
reported  in  other  papers  of  this  series.  The  fab- 
rics were  finished  in  the  usual  way,  as  des- 
cribed below,  some  with  modifications  of  the 
usual  routine,  and  tested  by  methods  described 
in  Part  II. 


The  second  portion  of  this  paper  concerns 
finishing,  in  general  for  the  purpose  of  impart- 
ing durable  water  resistance.  Immediate  effects 
of  finishing  have  been  reported  with  the  dis- 
cussions of  the  experimental  fabrics. 

Although  many  of  the  unfinished  (grey)  fab- 
rics had  excellent  water  resistance,  the  routine 
finishing  processes  detracted  from  any  closing 
capacity  to  which  swelling  might  have  con- 
tributed. Recognition  of  some  causes  of  de- 
leterious effects  of  finishing  has  resulted  from 
observations  made  at  the  several  main  steps 
in  the  process,  a  type  of  study  which  has  appar- 
ently not  been  reported  heretofore. 


EXPERIMENTAL  FABRICS 


Materials  Used.  Cottons  as  nearly  alike  as 
possible,  except  for  fineness,  had  been  selected 
and  were  described  as  of  strict  low  middling 
grade,  white,  and  of  1-1/32  inch  staple  length. 
They  became  available  as  carded  yarns,  and 
as  raw  stock  samples.  Oxford  fabrics  were 
woven  from  yarn  made  from  each  of  3  of  the 
individual  cottons — extra  coarse  (XC),  medium, 
and  extra  fine  (XF);  and  from  each  of  three 
blends— 75%  XC  with  25%  XF,  50%  XC  with 
507'  XF,  and  25%  XC  with  75%  XF  (Table  I). 

It  is  obvious  from  the  table  that  the  fineness 
«vas  due  largely  to  immaturity  and  to  a  minor 
degree,  if  at  all,  to  the  presence  of  mature 
fibers  of  low  perimeter,  or  "instrinsic"  fine- 
ness. Estimates  of  maturity  from  airflow  values 
were  furnished  with  the  cottons  (Table  I).  Mi- 
cronaire^  values,  their  corresponding  ratings 
for  fineness,  and  maturities  by  the  sodium 
hydroxide  method  were  determined  at  the 
Southern  Regional  Research  Laboratory. 

The  yarns  were  30/1  as  received;  and  were 
plied  for  use  as  warp  and  filling  (Table  I-B). 
There  were  appreciable  differences  between 
the  sizes  of  some  of  the  yarns  nominally  of  the 
same  number. 

Centrifuge  Test  on  the  Yarns.  A  centrifuge 
technique  (Part  V  and  (37))  has  offered  a  possi- 
bility to  aid  in  the  selection  of  cotton  for  closing 
capacity.   It  was  tried  on  the  yarns  of  different 


fineness  and  maturity  along  with  the  orifice 
test  (35)  and  is  introduced  here  because  it  was 
employed  in  this  way  only  on  the  yarns  of  this 
paper.  Samples  of  the  filling  yarns  were  wetted 
overnight  in  water  containing  0.1%  Deceresol, 
OT^  and  then  centrifuged  at  8,000  g. 

Water  retention  increased  with  the  imma- 
turities of  the  cottons  in  contrast  to  seepages 
in  the  orifice  test,  which  decreased  (Table  I). 
The  water  retentions  observed  allowed  the 
prediction  that  the  grey  fabrics  would  increase 
in  water  resistance  in  the  approximate  order  of 
increasing  immaturity  of  the  cottons.  The  test 
can  thus  be  used  for  comparing  grey  yarns, 
and  no  doubt  for  comparing  raw  cottons,  for 
use  in  swelling-type  fabrics,  but  the  data  ob- 
tained do  not  forecast  performance  after  finish- 
ing. 

Construction  of  Fabrics.  One  fabric  was 
made  from  each  cotton,  with  the  "normal'*  52 
picks  per  inch,  and  one  from  each  cotton  with 
the  same  warp  but  with  64  picks  per  inch,  a 
reasonable  maximum  for  this  type  of  fabric. 
Only  the  2  extreme  cottons,  extra  coarse  and 
extra  fine,  were  woven  with  still  more  picks, 
68  per  inch.  This  accounted  for  increases  of 
about  23 /r  and  30'^  ,  respectively,  in  numbers 
of  pick  per  inch  above  the  normal  value. 

There  were  slight  differences  between  fab- 
rics which  were  intended  to  be  of  the  same 
construction  owing  to  small  differences  in  size 

•  Mention  of  company  or  trade  names  is  for  information  and  convenience  only  and   does  not  imply  endorsement  by  the  U.  S. 
Department   of   Agriculture   over   firms   or  products   not  mentioned. 
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of  yarns  made  from  different  cottons,  and  to 
small  differences  between  thread  counts.  The 
grey  fabrics  of  lowest  number  of  picks  differed 
by  no  more  than  1  thread  in  the  total  of  177 
of  warp  ends  plus  filling  picks.  Those  of  64 
picks  differed  at  most  by  3  in  a  total  of  189. 
Those  of  highest  pickage  were  alike.  Hence 
the  fabrics  within  each  of  the  three  groups 
were  comparable  in  construction. 

Cover  factors  were  high,  from  45  to  49. 
Weights  per  square  yard  (Table  II)  differed  by 
5  to  69<  within  each  of  the  2  main  groups,  as 
might  be  expected  without  special  adjustments 
for  differences  in  yarn  number,  but  the  dif- 
ferences were  not  great  enough  to  change  any 
of  the  conclusions. 

Some  of  the  fabrics  were  of  very  tight  con- 
struction as  shown  by  permeability  to  air 
(Table  III),  which  decreased  greatly  through 
each  series  of  fabrics  with  fineness  of  the 
cottons;  and  from  one  group  to  the  next  with 
higher  pickage. 

Water  Resistance.  The  tests  on  preswollen 
fabrics  were  limited  to  the  Bundesmann  ap- 
paratus^,  but  the  regular  drop-penetration  test 
was  introduced.  The  water  resistance  of  the 
best  of  the  grey  fabrics  was  excellent.  Even  at 
the  normal  52  picks  there  was  pronounced  im- 
provement with  fineness,  easily  seen  in  Table 
III,  in  spite  of  a  tendency  toward  small  de- 
creases in  weight  (Table  II).  Fabrics  were 
much  more  effective  at  64  picks  and,  again, 
there  was  consistent  improvement  with  fine- 


ness. At  68  picks,  fabrics  of  the  extreme  cot- 
tons, extra  coarse  and  extra  fine,  were  both 
excellent.  These  observations  on  the  unfinished 
(grey)  fabrics  correspond  with  expectations 
based  on  fineness  of  cotton,  and  on  the  results 
from  orifice  and  centrifuge  tests  on  the  yarns. 

Since  the  general  effects  of  finishing  seemed 
to  have  been  established,  only  4  representative 
fabrics  were  finished,  those  made  from  the 
extra  coarse  and  extra  fine  cottons  in  the  52- 
and  the  64-pick  groups  (Tables  II  and  III). 
While  the  effect  of  fineness  is  seen  in  the  pair 
of  finished  fabrics  of  ordinary  number  of  picks, 
52,  its  effect  almost  disappears  in  the  pair  of 
finished  fabrics  of  64  picks  even  though  the 
one  made  from  the  finest  cotton  is  59^  lighter 
in  weight.  In  this  construction,  since  either 
of  the  extreme  cottons  would  be  satisfactory, 
and  of  the  cottons  could  be  used  equally  well; 
and  the  cottons  from  immature  to  average  may 
be  preferable  to  very  mature  or  very  immature 
cottons  for  swelling-type  fabrics,  as  indicated 
in  Parts  II  and  III. 

Swelling,  no  doubt,  contributed  to  the  water 
resistance  attained,  and  data  in  Table  III,  as 
compared  with  data  in  the  previous  paper, 
indicate  that  some  of  the  grey  and  finished 
fabrics  might  have  been  of  swelling  type. 

The  fine-cotton  fabrics  were  much  less  per- 
meable to  air  and  indicated,  again,  that  fine 
and  immature  cottons  are  favorable  to  wind 
resistance  in  fabrics,  whether  grey  or  finished. 


PROPERTIES  OF  THE  FABRICS  OF  NEW  CONSTRUCTIONS 


These  experimental  fabrics  were  of  interest 
also  apart  from  water  resistance,  because  they 
.showed  differences  in  physical  properties  re- 
sulting from  the  use  of  cottons  of  different  fine- 
ness as  rated  by  airflow;  and  differences  due 
to  the  unusual  number  of  picks  per  inch.  The 
latter  proved  to  be  similar  to  those  described 
for  other  cottons  in  the  previous  paper.  Fabric 
strength  in  the  warp  direction  tended  to  de- 
crease with  added  picks,  and  filling  strength 
to  increase  (up  to  509^),  although  the  strengths 
(Table  II)  within  each  series  were  not  entirely 
consistent. 

Attention  is  called  again  to  a  pronounced 
tendency  for  the  fabrics  with  extra  picks  to 


run  thinner  than  those  with  the  normal  num- 
bers of  picks.  This  is  shown  in  Table  IV  by 
the  group-average  values  of  the  fabrics  of 
Table  II- A;  those  of  64  picks  were  considerably 
heavier,  but  averaged  somewhat  thinner  than 
those  of  52  picks.  Thus,  high  pickage  fabrics 
were  again  more  dense,  for  two  reasons — more 
yarn  was  crowded  into  the  same  area,  and 
more  into  less  volume.  Both  favor  resistance 
to  wind  and  closure  by  swelling. 

The  tear  strengths  (trapezoid)  of  warp  and 
filling  yarns  differed,  similarly  to  those  of  the 
high  pickage  fabrics  described  in  Part  III. 
That  is,  warp  tear  strength  tended  slightly 
downward   with  the   increase   in   numbers   of 
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picks;  filling  tear  strength  increased  up  to  20'/' 
above  that  of  the  average  for  fabrics  of  ordi- 
nary pickage.    The  tear  strengths  of  fabrics  of 
comparable  construction  made  from   the  dif- 


ferent cottons  showed  no  clear  trend  with  fine- 
ness (Table  II).  Tear  strengths  were  reduced 
by  finishing,  but  remained  better  in  the  filling 
at  high  pickage  than  at  normal  pickage. 


USE  OF  SPECIAL  FABRICS  IN  WATER  BAGS 


As  a  further  check  on  their  properties,  and 
on  a  possible  use,  several  of  the  fabrics  were 
made  into  water  bags  of  the  same  size  (11  x 
16  in.)  as  commercial  bags  used  for  drinking 
water.  The  best  bag  made  was  one  from  the 
fabric  of  extra  fine  cotton,  with  65  picks  per 
inch.  For  comparison  with  a  commercial  bag, 
this  bag  was  filled  with  water  and  hung  out- 
of-doors  in  a  test  started  early  on  a  hot  day. 

The  bag  made  from  the  new  fabric,  with 
water  at  84.5°  F.,  approximately  the  air  temp- 
erature, cooled  the  water  about  2°  and  then 
held  the  resulting  temperature,  82.5°,  for  5 
hours  while  the  air  temperature  rose  to  94°. 
The  water  remained  5°  cooler  than  that  in 
the  commercial  bag.  The  special  bag  was  made 
from  fabric  No.  133,  which  had  no  finish  and 
weighed  only  9-^/^  oz.  per  sq.  yd.  as  compared 
with  the  22  oz.  of  the  commercial  bag.  Neither 
bag  was  soaked  in  water  before  the  test.    The 


commercial  bag  was  made  from  a  tight  cotton 
canvas  of  ordinary  appearance,  with  some  sort 
of  finish.  It  leaked  water  but  closed  off  slowly, 
apparently  from  swelling. 

The  result  with  a  high  pickage  fabric  may 
be  of  practical  interest.  The  main  point  brought 
out  is  a  principle  in  making  a  water-holding 
fabric  which  may  not  have  been  recognized 
before.  At  least  the  action  is  very  different 
from  that  of  a  presoaked  bag.  Evaporation  took 
place  from  fiber  surfaces  or  water  surfaces 
within  the  fabric.  There  seems  thus  to  be  a 
large  evaporating  surface,  apparently  much 
larger  than  on  the  outside  of  a  wet  bag.  An 
excellent  cooling  effect  was  exerted  with  much 
less  loss  of  water  than  from  the  commercial 
bag.  It  is  suggested  that  this  principle  be  con- 
sidered for  the  larger  dispensing  types  of  water 
bag  where  cooling  is  desired. 


STUDY  OF  EFFECTS  OF  FINISHING 


The  commercial  finishing  of  fabrics  of  the 
type  and  weight  under  discussion  has  usually 
included  desizing,  some  form  of  open  width 
scouring,  mercerizing,  dyeing,  water  repellency 
treatment,  and  Sanforizing^.  The  cloth  is  com- 
monly dried  after  each  step,  and  may  be  ten- 
tered  several  times.  Most  of  the  finishing  at 
the  Southern  Regional  Research  Laboratory 
was  limited,  as  previously  stated,  to  scouring, 
dyeing,  and  treatment  with  a  durable  water 
repellent. 

Methods  of  Finishing.  In  a  representative 
scour,  the  fabrics,  usually  of  about  9  oz.  per 
sq.  yd.,  were  boiled  on  a  jig  for  1  hour  in  a  2% 
sodium  hydroxide  solution;  for  2  hours  in  a 
second  similar  solution;  rinsed  in  hot  water; 
boiled  for  1  hour  in  0.5 /r  soda  ash  and  0.2% 
tetrasodium  pyrophosphate;  washed  with  hot 
water  and  dried  on  cans.  It  is  well  known,  of 
course,  that  open  boiling  does  not  effect  com- 
plete removal  of  all  the  so-called  impurities  of 
cotton. 


The  cloth  was  dyed  on  a  jig  by  one  of  the 
usual  vat-dyeing  methods  to  an  olive-drab 
shade,  rinsed,  oxidized  with  dichromate  and 
acetic  acid,  soaped,  etc.,  as  usual  for  vat  dyes. 
Any  possible  addition  of  weight  owing  to  dye- 
ing has  had  consideration. 

To  impart  water  repellency  the  cloth  was 
padded  through  a  solution  of  Zelan  AP^  (du- 
Pont)  at  127(  concentration  which,  at  54'/ 
pickup,  gave  a  nominal  6.5 /v  on  the  goods,  but 
gain  of  weight  was  not  determined.  The  cloth 
was  dried  on  cans  without  excessive  heat  and 
cured  at  300°  F.  for  6  minutes;  then  run  on  a 
jig  in  a  0.1 'a  solution  of  soda  ash  and  0.05% 
Gardinol  LS^  at  130°  F.  for  30  minutes;  rinsed 
in  hot  water,  and  finally  dried  on  cans.  It  was 
not  tentered  back  to  width,  calendered,  or  San- 
forized. 

Effects  of  Tension  and  Shrinkage.  Among 
the  effects  of  finishing  which  are  of  general 
occurrence  are  those  from  tension  and  shrink- 
age. Observations  at  finishing  plants  suggeste'd 
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that  a  fabric  designed  and  woven  with  potential 
self-sealing  capacity  might  be  considerably 
damaged  by  the  usual  tension  and  tentering  of 
routine  finishing.  Any  net  gain  in  fabric  area 
could  be  expected  to  make  it  more  open  in  tex- 
ture and  less  easily  closed.  Checks,  however, 
by  means  of  thread  counts  on  4  wartime  oxford 
fabrics  which  had  been  finished  commercially 
without  any  special  precautions  showed  that 
2  had  gained  in  area  and  that  2  had  lost.  Simi- 
lar checks  on  other  commercial  fabrics,  des- 
cribed in  the  section  below  on  mercerizing, 
showed  that  13  out  of  15  had  lost  in  area.  Hence 
it  seemed  that  opening  of  the  texture  of  9-oz. 
fabrics  by  tension  in  finishing  was  not  a  serious 
problem.  High  pickage  fabrics  have  greater 
crimp  and  greater  elongation,  shown  in  tables 
of  this  and  the  previous  paper,  and  might 
stretch  more  at  ordinary  finishing  tensions  than 
normal  fabrics.  Since  in  some  instances  the 
differences  were  much  smaller  than  in  others, 


this  part  of  the  subject  should  have  further 
investigation. 

As  a  precaution  the  experimental  finishing 
processes  including  drying  on  cans,  were  all 
performed  at  low  tension;  and  the  cloth  was 
tentered  only  once.  Hence  the  fabrics  were 
not  stretched  in  width  and,  except  for  the  first 
lot  (Part  II),  were  stretched  but  little  in  length, 
as  shown  by  thread  counts  taken  before  and 
after  finishing.  Rather,  there  was  a  little 
closing  from  shrinkage  in  width  and,  in  ex- 
amples of  Table  V,  a  net  closing  effect  from 
changes  in  dimensions  of  1  to  2.8%.  There  are 
changes  during  finishing  other  than  stretching 
which  cause  opening  of  texture.  Increase  in 
interspace  through  loss  of  noncellulosic  consti- 
tuents has  already  been  taken  up  in  Part  III; 
and  the  possibility  of  opening  of  fabric  texture 
indirectly  from  consolidation  of  the  yarn  is  dis- 
cussed in  Part  V,  which  follows. 


TESTS  AT  DIFFERENT  STEPS  IN  FINISHING 


Reduction  of  swelling  capacity  of  fabrics 
during  finishing  often  interferes  with  closing 
by  swelling,  while  at  the  same  time  there  de- 
velops an  increase  in  the  amount  of  space  that 
must  be  filled. 

Many  of  the  experimental  fabrics  were  tested 
at  the  different  process  steps  to  bring  out  di- 
rectly the  effects  of  finishing  on  their  perme- 
ability to  air  and  water.  There  was  great  di- 
versity of  behavior;  and  in  order  to  avoid  too 
involved  a  discussion,  the  results  are  shown 
(Table  V)  only  for  some  of  the  fabrics  made 
from  cottons  considered  to  be  among  the  most 
suitable  for  practical  use,  with  pickages  most 
likely  to  be  of  practical  interest.  Orifice  tests 
on  yarns  ravelled  from  the  fabrics  were  in- 
cluded and  indicated  decreased  swelling  by 
consistent  progressive  increases  in  seepage. 
The  table  shows  air  permeability  at  four  steps 
m  finishing  to  be  the  best  simple  indication 
of  fabric  texture,  and  leakage  of  water  through 
preswollen  samples  as  the  best  indication  of 
any  contribution  of  swelling  to  closing  of  fab- 
ric. Data  for  fabrics  made  from  very  immature 
cotton  were  not  included,  but  three  such  fabrics 
were  partly  covered  in  Part  III  (Table  IX), 
where  there  is  a  limited  discussion  of  finishing, 
particularly  of  effects  of  scouring. 


Changes  in  thread  counts,  which  should  have 
caused  a  small  net  closing  effect,  appeared  upon 
scouring  and  persisted  at  about  the  same  level 
to  the  finished  fabric.  Two  exceptions  and  a 
few  other  small  variations  have  no  apparent 
significance  with  respect  to  this  trend.  Al- 
though all  of  these  fabrics  (Table  V)  would  be 
considered  tight  or  very  tight,  they  immedi- 
ately became  more  open,  as  shown  by  increased 
air  permeability,  attributable  to  relatively 
large  losses  of  noncellulosic  constituents. 

Final  Effects  of  Finishing.  Behavior  after 
repellency  treatment  represented  the  summa- 
tion or  final  effect  of  all  the  finishing  processes 
employed  (Table  V).  The  small  increase  in 
tightness  of  each  fabric,  indicated  by  thread 
counts,  acted  in  favor  of  closing,  and  air  per- 
meability decreased  in  all  fabrics  from  that 
observed  after  scouring.  A  special  analysis  of 
air  permeability  data  with  relation  to  the  sig- 
nificance of  swelling  has  been  made  (Part  V). 

The  leakage  of  water  through  each  finished 
fabric  tested  on  the  Suter^  apparatus  was  great- 
ly increased  over  that  of  the  corresponding 
scoured  fabric,  and  was  still  greater  than  that 
of  the  grey.  Two  fabrics  which  were  tested 
only  on  the  Bundesmann^  apparatus,  showed 
the  advantage  of  increased  pickage. 
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Many  additional  fabrics  were  tested  at  the 
different  steps  in  finishing,  with  results 
"worse"  than  those  shown.  The  values  for  the 
original  grey  and  the  final  finished  fabrics 
appear  in  tables  of  earlier  papers. 

The  results  as  a  whole  support  the  view  that 
finishing,  even  without  opening  of  the  fabrics 
by   stretching,   tends   to   detract   from   water- 


stopping  capacity,  sometimes  very  greatly.  In 
addition  to  the  observations  at  different  steps 
in  finishing,  numerous  special  tests  were  made 
(Part  V)  by  orifice  and  centrifuge  methods. 
These  showed  that  there  was  a  decrease  in 
swelling  capacity  of  the  fibers  which  contri- 
buted substantially  to  loss  of  closing  capacity 
of  the  fabrics. 


SPECIAL  STUDY  OF  MERCERIZATION 


Goods  of  the  types  under  discussion  are 
frequently  mercerized  in  finishing.  Apparently 
this  is  done  mainly  for  better  absorption  and 
economy  of  dye  and  of  water  repellency  agent; 
mercerization  may  contribute  to  dimensional 
stability.  Kennedy  pointed  out  that  finishers 
seem  to  persist  in  this  operation  (18)  although 
it  is  really  not  wanted  in  military  fabrics.  The 
tendency  toward  luster  is  undesirable;  and 
Simpson  noted  that  a  reduced  degree  of  mer- 
cerization would  be  better  when  wind  resist- 
ance is  required  (33).  A  reduced  degree  meant, 
presumably,  the  so-called  half-mercerization 
with  weaker  caustic,  which  might  be  expected 
to  minimize  some  of  the  effects  of  the  process. 
Mercerization  under  tension  is  well  known  to 
increase  the  openness  of  texture  of  many  fab- 
rics. 


The  omission  of  mercerization  in  the  experi- 
mental finishing,  in  disagreement  with  general 
practice,  was  supported  by  special  experiments. 
It  seems  to  be  widely  thought  that  merceriza- 
tion of  cloth  without  restraining  tension  will 
shrink  and  thereby  close  it,  but  this  is  not 
necessarily  true;  the  cloth  even  though  shrunk 
may  become  more  open.  For  example,  one 
sample  of  oxford  fabric  (Part  II,  No.  32),  not 
particularly  closely  woven,  was  mercerized  on 
a  frame  without  appreciable  change  of  dimen- 
sions, and  a  second  sample  allowed  to  shrink 
freely.  The  latter  shrank  by  11.5 9i  and  1.37< 
in  warp  and  filling,  respectively,  or  18  ^v  in 
area.  The  normally  mercerized  sample  was 
more  permeable  to  air  and  water  in  three  kinds 
of  tests  where  it  could  be  compared  with  the 
grey  (Table  VI).  The  fabric  mercerized  with 
shrinkage  was  also  more  permeable  in  two  of 
the  tests;  that  is,  it  was  opened  somewhat  in 
comparison    with    the    original    unmercerized 


material,  in  spite  of  a  considerable  reduction 
in  area. 

In  more  practical  tests,  the  same  tendency 
to  open  upon  mercerization  was  shown  by 
fabrics,  described  in  Part  III,  which  repre- 
sented low  and  high  maturities  of  cotton,  30% 
and  85%,  and  low  and  high  pickages,  56  and 
72  (Table  VII).  Loomstate  fabrics  were  wet-out 
on  a  dye  jig  at  the  boil,  with  water  only,  then 
mercerized  with  23%  caustic  on  the  jig  at  room 
temperature.  The  fabrics  were  then  vat-dyed 
and  Zelan3  treated.  Mercerization  alone  shrank 
all  of  the  fabrics  by  about  3%  in  area.  There 
were  no  further  changes  in  dimensions  during 
finishing,  but  all  of  the  mercerized  fabrics  were 
distinctly  opened  in  texture.  This  was  shown 
by  air  permeabilities  in  comparison  with  both 
the  grey  and  the  normally  finished  fabrics,  with 
a  very  few  exceptional  values.  Greater  open- 
ness was  also  indicated  by  leakages  through 
preswollen  samples,  which  were  greater  for 
all  four  fabrics  finished  than  grey,  and  far 
greater  through  the  mercerized,  finished,  low 
pickage  fabrics.  Finally,  and  of  more  apparent 
significance,  the  leakage  through  both  high 
pickage  mercerized  fabrics  was  appreciably 
less  than  through  those  finished  without  mer- 
cerizing. The  difference  is  most  logically  ex- 
plained as  due  to  greater  swelling  and  closing 
capacity  of  mercerized  cotton,  already  estab- 
lished (Part  II). 

Mercerization  of  oxford  fabrics  under  re- 
straint, but  without  applied  tension  or  stretch, 
had  a  generally  similar  result,  with  the  excep- 
tions noted,  to  the  conventional  mercerization 
of  twill  and  sateen  reported  by  O'Brien  and 
Weiner  (24).  Their  explanation  was  that  the 
probable  rounding  and  smoothing  of  the  yarn 
decreased  the  effective  cover  and  increased 
the  void  space  through  which  water  could  pass 
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in  the  hydrostatic  and  drop  penetration  tests. 
Alternatively,  one  might  say  that  mercerization 
consolidates  the  yarn,  and  increases  its  density 
at  the  expense  of  its  diameter  and  volume,  and 
thus  makes  the  cloth  more  open  in  texture. 

In  a  study  of  available  samples  of  commer- 
cial goods  certain  suspected  changes  due  to 
mercerizing  were  not  found.  In  spite  of  the 
tentering,  and  of  the  tension  during  the  rest  of 
the  process  of  finishing,  representative  fabrics 
of  military  type  showed  no  increase  in  area  or 
in  openness  of  texture  due  to  change  of  dimen- 
sions. This  was  determined  by  means  of  thread 
counts  on  samples  of  grey  and  finished  herring- 


bone twill,  poplin,  and  sateen,  comprising  1  lot 
of  fabric  of  each  style,  portions  of  which  had 
been  finished  at  5  different  plants.  There  was 
no  increase  in  area,  but  rather  a  decrease  in 
all  but  2  of  the  15  finished  fabrics. 

While  mercerization  does  offer  some  advan- 
tages in  the  finishing  of  water-resistant  fabrics, 
it  was  not  generally  favorable  to  closing  by 
swelling.  However,  experience  with  two  fab- 
rics made  from  widely  different  cottons  sug- 
gests that  piece  mercerization  of  very  high 
pickage  goods  might  contribute  to  effective 
closing  and  a  highly  water-resistant  product 
(Table  VII). 


USE  OF  PROCESSED  YARNS 


It  follows  from  the  tendency  of  fabrics  to 
become  more  open  in  texture  upon  finishing 
that  an  improvement  could  be  made  by  scour- 
ing and  dyeing  the  yarn  before  weaving.  Scour- 
ing at  this  stage  would  enable  a  tighter  fabric 
to  be  woven  and  should  thus  facilitate  closing 
by  swelling.  More  uniform  dyeing  throughout 
the  goods  would  also  result.  The  cloth  con- 
struction would  need  to  be  modified  somewhat 


to  compensate  for  loss  of  weight  of  noncellu- 
losic  material  scoured  out.  The  durable  water 
repellent  would  be  applied  in  the  piece,  but 
the  goods  could  be  designed  so  that  any  open- 
ing of  texture  would  be  much  less  than  in 
normal  finishing.  Such  processing  of  yarn  was 
not  investigated  further  because  of  cost  and 
of  general  impracticability  on  a  large  scale. 


FINISHING  WITHOUT  SCOURING 


The  great  loss  of  closing  capacity  upon 
scouring  suggested  that  this  step  in  the  process 
be  omitted  in  the  finishing  of  a  few  samples 
even  though  a  boil  or  scour  has  been  considered 
essential  for  satisfactory  dyeing.  Fabrics  were 
simply  wet-out  well  in  water  containing  a 
wetting  agent,  dyed,  and  treated  with  Zelan^ 
for  comparison  with  goods  finished  as  usual 
(Table  VIII).  Comparable  fabrics,  finished 
normally  and  finished  without  scouring,  did 
not  differ  significantly  in  construction.  The 
finished  fabrics  not  scoured  were  less  perme- 
able to  air,  and  were  much  less  permeable  to 
water  when  tested  preswollen.  Comparisons 
made  after  dyeing  (before  Zelan  treatment) 
also  showed  the  unscoured  fabrics  to  be  super- 
ior in  these  two  tests  (data  not  shown  in  table). 


After  finishing,  the  unscoured  fabrics  were  also 
more  water  resistant  in  the  rain  and  drop 
penetration  tests  (data  not  shown). 

The  opening  up  of  fabrics  by  removal  of 
noncellulosic  constituents  by  scouring  has  thus 
been  demonstrated  by  direct  tests.  If  these  con- 
stituents were  left  in  the  goods,  there  would  be 
a  distinct  gain  in  closing  capacity  by  swelling. 
These  results  are  reported  for  their  bearing 
on  the  effects  of  finishing.  Noncellulosic  ma- 
terials left  in  such  goods  might  be  gradually 
lost  in  repeated  laundering  with  loss  of  water 
resistance.  Such  a  departure  from  practice  as 
the  omission  of  scouring  before  dyeing  could 
not  be  followed  unless  shown  to  be  permis- 
sible by  larger  scale  practical  trials  and  service 
tests. 


TESTS  ON  WEATHERING 


Durability  of  the  finish  was  not  included  as 
part  of  the  main  problem  but  a  few  observa- 
tions were  made  on  the  effect  of  weathering 
on  permeability  to  air  and  water.  Representa- 
tive finished  fabrics  were  fastened  over  glass 


desiccators  in  place  of  the  covers,  tilted  to 
avoid  rain  standing  on  them,  and  exposed 
outdoors  in  New  Orleans.  The  exposure  of 
some  of  the  samples  was  continued  up  to  a 
year,  until  the  fabrics  had  greatly  deteriorated. 
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They  would  not  have  been  serviceable  at  the 
end  of  the  test  because  of  rotting  and  loss  of 
strength.  While  few  of  them  retained  a  high 
proportion  of  their  resistance  in  laboratory 
tests  for  penetration  by  either  air  or  water, 
they  had  not  leakad  water  in  heavy  rain. 

There  was  rainfall  of  37  inches  in  the  first 
8  months,  and  45  inches  in  the  1-year  period, 


but  there  was  practically  no  leakage  through 
the  fabrics  into  the  desiccators.  For  example, 
3  inches  of  rain  fell  in  2  days  after  a  period  of 
exposure  of  10  months  and  the  leakages 
through  pieces  of  cloth  10-14  inches  in  diameter 
were  from  zero  to  only  5  ml.  The  finished  fab- 
rics selected  were  still  very  resistant  to  pene- 
tration by  rain  after  severe  weathering. 


SUMMARY 


Cottons  selected  for  fineness  by  an  airflow 
method  differed  from  84  to  56 '/r  maturity,  and 
from  5.7  to  3  in  Micronaire  fineness.  Oxford 
fabrics  with  52  picks  per  inch  were  made  from 
each  cotton;  also  comparable  fabrics  with  64 
to  65  picks  per  inch,  and  2  with  68  picks. 

Physical  properties  of  resulting  unusual 
yarns  and  fabrics,  as  influenced  by  fineness 
and  picks  per  inch,  are  reported.  Results  ob- 
tained earlier  with  fabrics  of  extra  high  pick- 
age  were  confirmed.  There  was  a  tendency 
for  the  strength  in  the  warp  to  decrease  with 
the  insertion  of  more  picks,  but  to  increase 
in  the  filling  up  to  50  7( ,  much  more  than  pro- 
portional to  the  numbers  of  added  picks.  Tear 
strength  across  the  warp  tended  slightly  down- 
ward with  extra  picks,  but  increased  up  to 
20 'v  across  the  filling.  The  fabrics  were  pro- 
gressively thinner,  instead  of  thicker,  as  picks 
were  added. 

Air  permeability  decreased  greatly  with  both 
fineness  of  cotton  and  added  picks,  indicating 
again  that  selection  of  cotton  as  well  as  con- 
struction of  fabric  can  be  expected  to  con- 
tribute to  wind  resistance. 

Water  resistance  of  the  best  of  the  grey 
fabrics  was  excellent  and  was  not  changed 
greatly  by  finishing.  There  were  consistent 
differences  with  fineness  in  the  water  resist- 
ance of  grey  fabrics  of  64  picks,  but  after  fin- 
ishing there  was  no  particular  advantage  due 
to  fineness. 

An  experimental  water  bag,  not  wet  on  the 
outside,  cooled  water  more  effectively  by  eva- 
poration from  within  the  fabric  than  a  com- 


mercial bag  by  evaporation  from  a  wet  external 
surface. 

A  special  study  was  made  of  finishing  be- 
cause it  usually  decreased  the  water  resistance 
of  a  closely  woven  fabric.  In  neither  the  exper- 
imental nor  the  available  commercial  fabrics 
was  there  sufficient  stretching  during  finishing 
to  decrease  water  resistance.  To  the  contrary, 
there  was  usually  a  slight  closing  effect  owing 
to  a  small  net  shrinkage  in  area. 

Tests  were  made  on  samples  of  fabrics  taken 
at  different  steps  in  finishing,  and  on  yarns 
ravelled  from  them.  Air  permeability  was  in- 
creased by  scouring,  but  then  decreased  pro- 
gressively upon  dyeing  and  Zelan  treatment. 
In  contrast,  while  leakage  of  water  through 
preswollen  samples  usually  increased  over  that 
through  the  grey  fabric,  it  usually  increased 
also  from  each  finishing  process  to  the  next.  A 
decrease  in  swelling  capacity  from  step  to  step 
in  finishing  will  be  clearly  indicated  in  Part  V. 

Finishing  of  fabrics  without  scouring  to  re- 
move noncellulosic  constituents  of  the  cotton 
would  make  them  more  water  resistant. 

Special  consideration  of  mercerizing  has 
shown  that,  while  it  usually  tends  to  make 
fabrics  more  open,  and  less  readily  closed,  it 
imparts  increased  swelling  capacity  and  may 
contribute  to  closing  by  swelling  of  a  very 
tight  high  pickage  fabric. 

It  can  be  expected  that  cotton  which  is  in- 
trinsically fine,  and  does  not  have  excessive 
amounts  of  noncellulosic  constituents  owing 
to  a  high  proportion  of  immature  fibers,  will 
be  favorable  to  water  resistance. 
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Table  I.     Fiber  and  yarn  properties 

A.     FIBER 


Fabric 

Defree  of 
fineness 

Maturity 
(caustic  soda) 

Fineness 

(Micronaire)           ~ 

Permeameter 

number 

Range 

Maturity 

% 

units 

rating 

cm 

% 

130.  131, 

146 

100%  XC   (see  test)                    84 

5.7 

Coarse 

23 

and  up 

83 

138.   139 

75%  XC:25%  XF 

77 

4.6 

Average 

18 

-•    22 

75 

-•    82 

140.   141 

100%  Medium 

79 

4.0 

Average 

13 

--17 

65 

--    74 

134.   135 

50%   XC:50%    XF 

69 

4.0 

Average 

13 

--    17 

65 

--74 

136.   137 

25%  XC:75%   XF 

64 

3.3 

Fine 

9 

-  -    12 

55 

--    64 

132.   133. 

147 

100%,  XF 

56 

3.0 

Fine 

8  and 

1  below 

45 

--54 

B.     YARN 

Degree  of 

Yarn           _ 

Twist 
multiplier 

Breaking  tests, 
single  strand 

Seepages 
in  orifice 

Centrifuge 

Number 

fineness 

number 

Singles 

Ply 

Strength 

Elongation 

test' 

in 

retention 

lb 

% 

ml/10  m 

% 

130.  131. 

146 

100%  XC 

Warp  30.0/2 

4.6 

5.1 

1.3 

6.6 

Filling  30.2/2 

4.6 

3.3 

1.2 

6.3 

14.6 

34.2 

138.  139 

75%  XC:25%  XF 

Warp  30.4/2 

4.6 

5.1 

1.3 

6.5 

Filling  31.2/2 

4.6 

3.3 

1.2 

5.2 

9.1 

35.6 

140.   141 

100%  Medium 

Warp  30.4/2 

4.6 

5.1 

1.3 

7.8 

Filling  31.2/2 

4.6 

3.3 

1.3 

6.2 

7.2 

35.5 

134.  135 

50%  XC:50%  XF 

Warp  29.8/2 

4.6 

5.1 

1.3 

6.9 

Filling  30.2/2 

4.6 

3.3 

1.2 

5.0 

5.9 

37.6 

136.  137 

25%   XC:75%  XF 

Warp  30.8/2 

4.6 

5.1 

1.3 

7.0 

Filling    31.4/2 

4.6 

3.3 

1.2 

5.2 

3.9 

38.9 

132.   133, 

147 

100%  XF 

Warp  31.2/2 

4.6 

5.1 

1.3 

6.7 

Filling  31.0/2 

4.6 

3.3 

1.3 

5.5 

2.4 

40.7 

'  Orifice  tests  made  on  30/1  yarns. 


Table  II.     Physical  properties  of  oxford  fabrics 


Breaking   tests    (strip] 

1  • 

trapezoid  tear 

Fa  hi 

:ic 
ber 

Degree  of 
fineness 

Construction 

Weight 

Thickness 

Warp 
crimp 

Warp 

Filling 

test 

num 

Warp 

Filling 

Strength    Elong. 

Strength    Elong. 

Warp 

Filling 

ends 

picks 

oz/sq  yd  in 

% 

lb 

% 

lb 

% 

lb 

lb 

A. 

LOOM-STATE: 

130 

100% 

XC 

124 

52 

9.0 

0.0191 

15.6 

172 

27.8 

80 

10.2 

23.6 

5.3 

133 

75% 

XC:25% 

XF 

124 

53 

8.9 

.0186 

13.8 

177 

28.0 

81 

10.7 

21.4 

5.2 

140 

100% 

Medium 

125 

52 

8.7 

.0179 

12.6 

177 

26.0 

89 

12.7 

22.4 

5.3 

134 

50% 

XC:50% 

XF 

124 

52 

9.2 

.0191 

16.0 

171 

29.8 

88 

10.2 

24.3 

5.4 

136 

25% 

XC:75% 

XF 

124 

53 

9.0 

.0190 

14.9 

175 

29.3 

90 

12.0 

22.4 

5.3 

132 

100% 

XF 

125 

52 

8.5 

.0185 

15.6 

169 

28.2 

78 

9.9 

22.5 

4.7 

131 

100% 

XC 

124 

64 

9.8 

.0183 

18.4 

162 

29.2 

115 

12.1 

21.7 

5.7 

139 

75% 

XC:25% 

XF 

126 

65 

9.7 

.0176 

17.3 

169 

30.7 

116 

13.3 

20.0 

5.6 

141 

100% 

Medium 

125 

65 

9.6 

.0180 

18.9 

163 

33.0 

122 

13.3 

21.9 

6.1 

135 

50% 

XC:50% 

XF 

124 

64 

9.9 

.0189 

20.0 

154 

33.0 

117 

11.6 

23.7 

5.8 

137 

25% 

XC:75% 

XF 

124 

65 

9.5 

.0173 

17.3 

161 

29.7 

113 

12.3 

20.0 

5.7 

133 

100% 

XF 

124 

65 

9.4 

.0177 

18.4 

165 

29.9 

118 

12.3 

21.6 

5.7 

146 

100% 

XC 

124 

68 

10.0 

.0181 

18.4 

165 

28.7 

123 

12.8 

21.0 

6.5 

147 

100% 

XF 

124 

68 

9.8 

.0179 

16.4 

149 

31.3 

123 

12.2 

22.0 

6.5 

B. 

FINISHED: 

130 

100% 

XC 

128 

52 

9.2 

.0171 

11.4 

125 

21.7 

78 

11.3 

16.7 

4.6 

132 

100% 

XF 

128 

50 

8.6 

.0158 

9.1 

143 

20.7    . 

77 

12.0 

16.0 

4.5 

131 

100% 

XC 

128 

64 

9.8 

.0165 

14.4 

138 

27.0 

103 

13.7 

16.3 

5.4 

133 

100% 

XF 

129 

63 

9.3 

.0153 

12.4 

147 

23.7 

107 

14.3 

16.4 

5.1 

'  strip  breaks  based  on  thread  counts  in  the  grey  fabric. 
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Table  III.     Air  and  water  resistance  of  oxford  fabrics 


Air 

Rain  test 

Degree 

permeability.    Hydro- 

Bundesmann  penetration 

8-ft.    head. 

Drop 

Fabric 

of 

Densometer      static 

Conditioned        Prewet 

sample  12  in. 

penetra- 

number 

fineness 

Warp            Filling 

(time/300  cc.)  pressure 

samples           samples 

from  nozzle 

tion 

ends        picks         min:sec     head,  cm     ml/20  min    ml/20  min  gm/20  minml/3  hr 


A. 

LOOM-STATE: 

130 

100%  xc 

124 

52 

138 

75%  XC:25% 

XF 

124 

53 

140 

100%  Medium 

125 

52 

134 

50%   XC:50% 

XF 

124 

52 

136 

25%   XC:75% 

XF 

124 

53 

132 

100%  XF 

125 

52 

131 

100%  XC 

124 

64 

139 

75%  XC:25%, 

XF 

126 

65 

141 

100%  Medium 

125 

65 

135 

50%  XC:50% 

XF 

124 

64 

137 

25%  XC:75% 

XF 

124 

65 

133 

100%  XF 

124 

65 

146 

100%   XC 

124 

68 

147 
B. 

100%,  XF 
FINISHED: 

124 

68 

130 

100%   XC 

128 

52 

132 

100%  XF 

128 

50 

131 

100%  XC 

128 

64 

133 

100%   XF 

129 

63 

Table  IV. 

4:31 
7:24 
10:17 
7:48 
12:56 
11:03 
14:32 
20:42 
21:58 
24:45 
33:33 
30:40 
24:53 
51:54 


6:32 
11:05 
15:54 
21:37 


60 
68 
78 
70 
74 
78 
81 
86 

103 
94 
99 

108 
80 

114 


SO 
51 
61 
62 


9.9 
.8 
.0 
.6 
.1 
.2 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


45 
16 
14 
9.7 
9.9 
12 
0.3 
.3 
.3 
.2 
.0 
.0 
.0 
.0 

44 

11 
2.7 
.8 


10 

5.29 

1.12 

.96 

1.08 

.67 

.48 

.41 

.44 

.43 

.42 

.42 

.38 

.36 


.73 
.50 
.46 
,41 


338 
153 
85 
107 
59 
40 
11 
8.8 
4.8 
.4 
.0 
.1 
.4 
.0 


87 
9.0 
.2 
.0 


Fabrics  heavier  but  thinner  with  higher 
pickage 


Number 
of  picks 


Average 
wt./sq.  yd. 


Average 
thickness 


oz 

in 

52-53 

8.83 

0.0187 

64-65 

9.65 

.0180 

Effects  of  finish^ 

68 

9.9 

.0180 

Table  V. 

ng  proc 

esses  on  air 

and  water  resistance 

Maturity 

Air  permeability 

Hydro- 

Hydrostatic 
leakage. 

Bundesmann 

Seepages 

Fabric  ^ 

of 
cotton 

% 

Construction 

Permeometer  Densometer 
(time/300  cc.) 

static 
pressure 

prewet  samples 
86-cm.  head 

peenetration. 
prewet  sample 

in  orifice 

number 

Warp 

Filling 

s            test 

ends 

picks 

ff/min/ft 

min:  sec 

head,  cm 

ml/5  min 

ml/20  min 

ml/ 10  min 

124G 

91 

124 

54 

0.66 

10:48 

70 

741 

3.3 

10.4 

S 

128 

53 

.93 

6:54 

21 

1690 

18.9 

D 

129 

53 

.96 

8:17 

18 

1757 

25.2 

F 

130 

53 

.78 

8:02 

57 

2839 

17 

24.6 

127G 

80 

125 

53 

.33 

16:16 

79 

397 

2.7' 

5.4 

S 

130 

53 

.87 

8:11 

15 

1004 

8.8 

D 

130 

53 

.75 

9:38 

13 

953 

13.5 

F 

130 

52 

.66 

11:04 

61 

3245 

11 

15.6 

HOG 

85 

124 

53 

.72 

11:26 

69 

364 

2.8 

9.0 

S 

128 

51 

.99 

6:44 

21 

897 

15.9 

D 

130 

51 

.93 

7:15 

18 

1945 

19.9 

F 

128 

53 

.87 

10:28 

51 

2449 

17 

19.9 

lllG 

85 

126 

68 

.21 

42:21 

113 

7.9 

0.0 

S 

130 

67 

.60 

15:25 

22 

61 

D 

130 

65 

.30 

21:34 

23 

126 

... 

F 

130 

67 

.30 

30:17 

69 

122 

.0 

lOlF 

74 

122 

54 

J93 

10:48 

73 

382 

11 

5.9 

S 

122 

51 

1.26 

5:34 

15 

1033 

13.2 

D 

123 

51 

1.08 

6:26 

19 

1700 

15.3 

F 

124 

53 

.90 

8:27 

62 

1900 

14 

15.9 

102G 

74 

122 

60 

.48 

19:24 

82 

67 

0.1 

S 

122 

59 

.78 

8:47 

23 

170 

F 

124 

60 

.57 

13:55 

78 

476 

.1 

114G 

85 

124 

56 

0.87 

9:03 

65 

1173 

5.6 

10.2 

S 

128 

56 

.96 

7:43 

16 

1276 

23.4 

D 

128 

55 

.90 

7:42 

16 

1963 

25.1 

F 

128 

56 

.87 

9:42 

55 

2186 

9.3 

26.0 

118G 

85 

124 

72 

.09 

32:49 

95 

20 

.0 

S 

129 

72 

.24 

24:29 

23 

44 

Drop 

D 

130 

69 

.39 

23:41 

35 

173 

penetration 

F 

130 

70 

.15 

28:04 

74 

126 

.0 

ml/3  hr 

130G 

84 

124 

52 

4:31 

60 

45 

338 

S 

128 

52 

4:21 

32 

69 

380 

D 

128 

52 

.. 

4:39 

27 

70 

329 

F 

128 

52 

.. 

6:32 

50 

44 

87 

131G 

84 

124 

64 

.. 

14:32 

81 

195 

0.3 

11 

S 

128 

64 

13:19 

31 

3.8 

64 

D 

128 

64 

15:22 

31 

2.9 

53 

F 

128 

64 

15:54 

61 

399 

2.7 

0.2 

1  G  stands  for  grey,  S  for  scoured,  D  for  dyed,  and  F  for  finished. 
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Table  VI. 


Description  of 
fabric 


Effect  of  mercerization  on  permeability  of  an  Oxford 
fabric 

Penetration   through 
preswollen    fabric 
Suter         Bundesmann 


Air  permeability 


Frazier 


Permeometer    (25-cm.  head) 


Grey  goods  (No.  32) 
Normal  mere. 
Merc,  with  18% 
shrinkage  in  area 


fVlminlft' 

1.5 
3.2 

2.1 


ff/min/ft' 


3.4 


2.3 


ml/5  min    ml/20  min 

935  69 

1980  77 


1743 


56 


Table  VII.     Effect  of  mercerization  on  air  and  water  permeability 


Maturity 
of 

Construction 

Air 

permeability 

Hydro- 
static 

Hydrostatic 
leakage. 

Fabric 

Permeometer 

Densometer 

preswollen, 

number  ' 

cotton 

Warp 

Filling 

Weight 

(time/300  cc.) 

pressure 

86-cm.    head 

% 

ends 

picks 

oz/sq  yd 

ft' /min 

/ft^ 

min:sec 

head,  cm 

m,l/5  min 

114  G 

85 

124 

56 

9.3 

0.87 

9:03 

65 

1173 

F 

85 

128 

55 

9.4 

.87 

9:42 

55 

2186 

MF 

85 

130 

55 

9.5 

.93 

7:04 

38 

6222 

118  G 

85 

124 

72 

10.2 

.09 

32:49 

95 

20 

F 

85 

130 

70 

10.2 

.15 

28:04 

74 

126 

MF 

85 

130 

70 

10.4 

.72 

24:55 

58 

47 

119  G 

30 

124 

56 

8.8 

.21 

36:49 

88 

29 

F 

30 

130 

56 

8.5 

.57 

11:24 

51 

1962 

MF 

30 

130 

55 

8.8 

1.11 

6:05 

32 

10947 

123  G 

30 

125 

73 

9.8 

.0 

115 

116 

0.1 

F 

30 

130 

71 

9.5 

.57 

16:13 

53 

176 

MF 

30 

132 

71 

9.8 

.24 

25:49 

42 

95 

'  G  stands  for  grey;  F  for  SRRL  finish,  not  mercerized;   and  MF  for  both  mercerized  and  finished,  without  scouring. 


Table  VIII. 

Improvement 

in  water 

resistance 

due  to 

omission 

of  scouring 

Maturity 
(caustic  soda) 

Construction 

Air  permeability 
Tieometer           Densometer 
(time  300  cc.) 

Hydrostatic  leakage, 

Fabric 

Pen 

prewet  samples. 

number  ' 

Warp 

Filling 

86-cm.  head 

% 

ends 

picks 

fV/min/ft' 

min-.sec 

ml/5  min 

117F 

85 

128 

66 

0.45 

21:53 

264 

117NS 

130 

67 

.09 

26:13 

94 

112F 

30 

130 

65 

.51 

15:23 

509 

122NS 

130 

67 

.0 

50:19 

9.5 
Bundesmann'^ 

130F 

84 

128 

52 

6:32 

44 

130NS 

128 

51 

6:36 

29 

132F 

56 

12a 

50 

11:05 

11 

132NS 

128 

51 

12:47 

5.3 

131F 

84 

128 

64 

15:54 

2.7 

131NS 

128 

63 

17:11 

1.6 

133F 

56 

129 

63 

21:37 

.8 

133NS 

128 

64 

29:57 

.2 

F  stands  for  usual  finish,   including  scouring;   NS  for  not  scoured. 
-'M1./20  min.  through  prewet  samples. 
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INTRODUCTION 


The  swelling  of  fibers  in  tightly  woven 
water-resistant  cotton  fabrics  is  a  factor  in 
their  resistance  to  the  passage  of  water  upon 
wetting,  but  numerous  observations  (Parts  IL 
III,  and  IV)  have  led  to  the  view  that  such 
swelling  contributes  to  water  resistance  to  an 
important  degree  only  under  especially  favor- 
able conditions. 

Since  there  is  no  practicable  method  for  the 
direct  measurement  of  the  contribution  of  the 
swelling  of  fibers  to  the  closing  of  a  fabric, 
evidence  regarding  the  significance  of  swelling 
has  been  obtained  from  special  tests  by  orifice, 
centrifuge,  and  hydrostatic  methods  on  many 
of  the  yarns  and  fabrics  of  this  investigation. 


Swelling  seems  frequently  to  be  supplemented 
by  another  factor  which  may  give  the  effect 
of  closing  by  swelling.  This  is  interpreted  as 
something  beyond  the  usual  water  repellency 
effect,  involving  air  firmly  held  during  swelling 
under  certain  conditions.  This  factor  appar- 
ently helps  block  the  passage  of  water.  It  may 
come  into  practical  effect  during  the  wearing 
of  water-repellent  garments. 

This  paper  is  concerned  principally  with 
what  happens  during  finishing  to  detract  from 
closing  capacity;  viz,  with  opening  or  loosening 
of  fabric  texture  and  with  reduction  of  swelling 
capacity  of  the  cotton. 


OPENING  OF  FABRIC  TEXTURE  DURING  FINISHING 


It  is  shown  in  earlier  papers  that  more  water 
may  be  transmitted  through  preswollen  fabrics 
after  than  before  finishing,  partly  from  opening 
of  fabric  texture  and  consequent  increased  dif- 
ficulty of  closing  by  swelling.  Loss  of  non- 
cellulosic  constituents  alone  was  shown  to  ac- 
count for  an  opening  effect  at  the  scouring  step 
in  finishing,  differing  in  degree  with  the  ma- 
turity of  the  cotton  (Parts  III  and  IV).  Texture 
could  obviously  be  opened  by  stretching  in 
finishing  but  in  the  measurements  of  most  of 
the  experimental  fabrics  no  significant  increase 
in  area  has  been  found.  Observations  on 
samples  taken  at  different  steps  in  finishing, 
however,  have  shown  changes  in  permeability 
to  air  or  water,  owing  to  changes  in  fabric 
texture  from  other  causes. 

One  suspected  cause  of  opening  of  texture, 
a  possible  consolidating  effect  on  the  yarn  in 
a  fabric  during  finishing,  remains  to  be  taken 
up.  Tension,  which  is  common  to  all  finishing 
processes,  might  seem  to  consolidate  warp 
yarns  by  the  exertion  of  lateral  pressure  when 
cloth  is  pulled  against  twist  and  crimp.  Tenter- 
ing  with  tension  widthwise  might  seem  to  do 
the  same  thing  to  the  filling  yarn;  and,  even 
without  tentering,  tension  in  the  warp  direc- 
tion would  cause  pressure  also  on  the  filling 
and  might  tend  to  consolidate  it.  Then  there 
would  be  the  added  effect  of  pressure  as  wet 
goods  are  rolled  and  unrolled  time  after  time 


on  the  jig;  and  as  the  cloth  passes  through  the 
nip  of  a  padder.  If  the  constituent  yarns  were 
thus  being  consolidated  without  any  change 
in  fabric  area,  decreases  in  densities  in  inter- 
yarn  regions  might  also  seem  to  result,  which 
would  make  the  fabric  more  open,  as  it  i^  after 
mercerization  (Part  IV).  This  possibility  of 
consolidation  was  studied  by  novel  methods, 
but  found  not  significant.  The  methods  are 
described  below,  however,  since  they  help  to 
show  some  of  the  differences  in  fabrics  due 
to  properties  of  different  cottons,  and  differ- 
ences in  effects  of  weaving,  as  well  as  changes 
within  fabrics  during  finishing. 

Evidence  from  Airflow.  The  problem  of 
changes  in  the  capillary  system  of  fabrics  was 
studied  by  consideration  of  the  flow  of  air 
because,  unlike  the  flow  of  water,  it  does  not 
depend  upon  the  uncertain  factors  of  difference 
in  wetting  of  the  fabrics  or  difference  in  a- 
mount  of  swelling  while  wet.  Data  on  perme- 
ability of  many  fabrics  by  both  air  and  water 
have  been  so  consistent  as  to  indicate  that  the 
consideration  of  the  systems  is  not  seriously 
complicated  by  accidental  large  pores  through 
the  fabrics.  i 

In  flow  methods  such  as  those  using  the 
Permeometer"  and  the  Densometer*  it  may 
logically  be  assumed  that  effects  of  finishing 
treatments   on   water-cotton   relationships   are 
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secondary  to  the  simply  considered  mechanical 
system  of  pores  in  the  fabrics.  One  may  further 
assume  that  pore  shapes  in  the  various  fabrics 
described  in  these  papers  are  similar,  because, 
in  the  absence  of  any  drastic  treatment  like 
mercerization,  the  capillary  system  in  a  yarn 
or  in  a  fabric  will  likely  remain  essentially  the 
same  except  in  pore  size  all  through  the  dif- 
ferent finishing  processes,  as  far  as  may  be 
determined  by  numbers,  shapes,  and  sizes  of 
fibers.  Then,  the  variations  brought  about  by 
finishing  in  rate  of  airflow  as  measured  hy 
the  Permeometer  and  the  Densometer  should 
be  equivalent  on  the  same  fabrics.  The  validity 
of  this  assumption  is  borne  out  both  by  the 
significant  correlation  of  Permeometer  readings 
with  the  reciprocal  of  Densometer  readings, 
and  by  the  great  similarity  between  the  effects 
of  scouring,  dyeing,  and  finishing  as  shown  by 
the  values  obtained  by  the  two  methods. 

The  mean  effect  of  scouring  greyfabrics  was 
to  increase  the  air  permeability  by  the  factor 
of  1.86  (by  Densometer,  1.83;  by  Pe]'meometer, 
1.88).  The  dyeing  step  reduced  the  permeabil- 
ity to  1.49  (by  Densometer,  1.54;  by  Perme- 
ometer, 1.44),  with  the  permeability  of  the 
grey  fabric  still  taken  as  unity.  The  Zelan^ 
treatment  brought  about  a  further  reduction 
to  1.30  (by  Densometer,  1.26;  by  Permeometer, 
1.33).  Thus  increases  in  permeability  were 
observed  for  the  scouring  step  in  which  solids 
were  removed  and  the  porous  system  logically 
enlarged,  while  decreases  in  permeability  were 
observed  for  both  the  dyeing  and  Zelan  steps 
in  which  solids  were  added  and  the  porous 
system  logically  reduced.  The  magnitude  of 
such  changes  may  be  roughly  evaluated  from 
Poiseuille's  law  of  capillary  flow,  because  the 
systems  probably  remain  essentially  the  same 
at  steps  in  finishing  except  in  size  of  capillaries. 
An  increase  in  the  flow  in  the  ratio  of  1  to  1.86 
corresponds  to  an  increase  of  17%  in  the  mean 
effective  radius  of  the  pores,  in  the  conditioned 
fabrics,  if  the  flow  has  increased  as  the  4th 
power  of  the  radius.  Similarly,  the  relative 
values  of  1.49  after  dyeing  and  1.3  after  finish- 
ing correspond  to  average  radii  of  capillaries 
about  10%  and  7%  greater,  respectively,  than 
in  the  original  grey  goods.  In  the  absence  of 
any  other  known  contributing  cause,  the  effect 
is  that  of  dyeing  and  of  Zelan  treatment  replac- 
ing part  of  the  loss  from  scouring. 


These  considerations  do  not  indicate  pro- 
gressive increase  in  openness  of  structure  such 
as  might  be  due  to  consolidation  of  yarn  during 
finishing  but,  rather,  closing  of  the  fabric 
structure  after  scouring.  Effects  of  these 
changes  in  texture  do  not,  however,  appear 
in  tests  for  leakage  of  water  through  pre- 
swollen  samples  representing  the  different 
steps  in  finishing.  Rather,  there  is  the  pro- 
gressive increase  in  leakage  which  might  still 
seem  due  to  increasing  openness  of  fabric  tex- 
ture, were  it  not,  as  will  appear  later,  due 
largely  to  decreasing  swelling  capacity. 

Evidence  from  Orifice  Tests.  Samples  of 
yarn  which  represent  different  stages  of  finish- 
ing of  any  given  fabric  are  regarded  as  closely 
comparable,  when  used  in  orifice  tests  (35;  and 
below);  and  seepage  of  water  through  such 
samples  showed  a  relatively  large  progressive 
increase  (Table  I;  and  Part  IV,  Table  V).  The 
first  example  tested  in  this  way  (Table  I)  was 
a  fabric  finished  commercially  from  which 
filling  yarns  were  taken  at  different  steps. 
Orifice  tests  on  the  grey  yarn  yielded  about 
the  usual  value  for  a  mature,  somewhat  coarse 
cotton,  11  ml.  in  10  minutes;  but  after  finishing 
including  water  repellency  teatment,  the  seep- 
age was  nearly  3  times  as  great,  29  ml.  In  the 
second  example,  seepages  are  shown  for  filling 
yarns  from  an  experimental  fabric  (Part  II), 
grey  and  at  three  steps  in  finishing.  The  gen- 
eral behavior  was  the  same,  a  gradual  large 
seepage  increase,  although  the  fabric  was  made 
from  a  diff erent .  cotton  and  showed  different 
values  from  the  first. 

In  contrast,  orifice  tests  with  the  nonswelling 
liquid  dioxane  (Table  I)  showed  six  times  as 
much  seepage  as  of  water  through  the  grey 
yarn  from  the  first  fabric,  mainly  because 
there  was  no  swelling.  There  was  an  appreci- 
able increase  in  seepage  through  the  yarn  from 
the  fabric  which  was  scoured,  but  it  seems 
clear  from  this  experiment  and  the  others  with 
nonswelling  liquids,  whether  dioxane  or  methyl 
amylketone,  that  there  was  a  tendency  for  the 
seepage  to  remain  at  the  new  level  rather  than 
to  continue  to  increase  from  step  to  step  in 
finishing,  as  with  water.  The  failure  of  seepage 
to  continue  to  increase  with  nonswelling  liquids 
indicates  that  there  was  not  any  considerable 
progressive  consolidation  of  yarns  with  an 
accompanying    tendency    toward    more    open 
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spaces  between  yarns  in  the  orifice  (see  Special 
Methods,  below).  Then,  with  water  also,  this 
factor  could  not  have  contributed,  unless  pos- 
sibly at  the  scouring  step,  to  the  progressive 


increase  in  seepage  with  finishing.  The  latter 
increase  must,  rather,  have  been  due  mainly 
to  a  progressive  decrease  in  swelling  capacity 
of  the  cotton  from  step  to  step  in  finishing. 


REDUCTION  OF  SWELLING  CAPACITY 


The  process  in  finishing  which  might  seem 
most  likely  to  affect  swelling  is  drying.  How- 
ever, although  it  is  repeated  a  number  of  times, 
its  effect  proved  to  be  small.  This  effect  was 
tested  by  repeated  wetting  and  drying  of  grey 
yarn,  5  times  at  220°  F.  for  30  minutes  each, 
plus  1  simulated  cure  at  285°  F.  for  5  minutes. 
Seepage  in  the  orifice  test  was  increased  by 
such  drying  by  only  1.2  ml.,  from  11.4  to  12.6, 
which  was  much  less  than  the  usual  increase 
for  yarns  taken  from  grey  to  finished  fabrics 
(Table  I).  Hence,  repeated  drying  was  con- 
cluded not  to  be  the  key  factor  in  the  decrease 
in  swelling  capacity  of  cotton  during  finishing. 

Scouring  of  the  experimental  fabrics  caused 
reduction  in,  swelling  capacity.  The  less  effec- 
tive closing  is  attributed  to  decrease  in  swell- 
ing, because  maximum  possible  swelling  of 
any  such  material  as  those  tested,  under  the 
prevailing  conditions,  should  have  occurred  in 
the  water  used  in  the  orifice  tests.  It  contained 
the  usual  wetting  agent,  and  yarns  with  all 
treatments  usually  wet  very  readily  in  such 
solutions. 

In  agreement  with  these  early  observations, 
all  scoured  yarns  and  yarns  from  scoured 
fabrics  that  were  tested,  whether  made  from 
mature  or  immature  cotton,  showed  more 
seepage  through  the  scoured  than  through  grey 
yarn.  This  represents  a  lower  degree  of  swell- 
ing, as  is  indicated  also  by  centrifuge  tests  on 
similar  yarns  taken  from  grey  and  scoured 
fabrics   (Table  II). 

Dyeing  might  appear  not  to  have  much  addi- 
tional effect  to  decrease  swelling  capacity,  but 
greater  seepage  through  dyed  yarn  in  orifice 
tests  and  decreased  swelling  as  indicated  by 
the  centrifuge  method  both  point  to  a  further 
reduction  of  swelling. 

The  water  repellency  treatment  might  be 
expected  to  have  an  adverse  effect,  because 
there  is  somewhat  less  regain  in  cotton  exposed 
to  a  humid  atmosphere  after  a  repellency  treat- 
ment than  before  (16,  p.  59).   This  implies  lower 


swelling    capacity,    which    was    indicated    by 
orifice  and  centrifuge  tests. 

The  most  convincing  evidence  of  differences 
between  cottons  in  swelling  capacity,  and  of 
reduction  of  swelling  by  finishing,  has  been 
furnished  by  the  centrifuge  method. 

Swelling  Capacities  of  Cottons.  Estimates  of 
swelling  capacity  by  the  centrifuge  method 
for  the  cottons  of  85%  and  30  9^  maturity  in 
the  form  of  yarn  (Table  II)  were  about  52% 
and  73 9f,  respectively;  and  the  observed  reten- 
tions showed  that  the  raw  cottons  would  have 
practically  the  same  values  for  swelling.  These 
values  are  higher  than  reported  for  cottons 
as  determined  by  some  other  methods.  High 
values  are  supported,  however,  by  Ashpole  (6) 
who  determined  the  saturation  regain  of  a 
sample  of  cotton  of  unknown  maturity  as  43'/<  • 
If  this  regain  actually  had  consisted  only  of 
water  of  swelling,  the  swelling  by  volume 
would  have  been  69'/  ,  this  figure  being  based 
on  a  specific  volume  of  0.621,  which  corre- 
sponds to  a  density  of  1.61  for  cotton,  as  deter- 
mined in  water  (17,  p.  95).  A  level  of  swelling 
nearly  as  high  is  indicated  by  Dorkin  and 
Chamberlain  (10),  who  reported  retention  of 
water  within  the  fiber  upon  centrifuging  as 
40'/(  ,  exclusive  of  capillary  water.  This  reten- 
tion (regain)  considered  as  additive  in  volume 
on  the  basis  just  given,  corresponds  with  a 
swelling  of  64.4'/  (see  below,  Centrifuge  Tech- 
nique). 

The  validity  of  such  high  values  for  swelling 
of  raw  or  grey  cottons  is  also  supported  by 
consideration  of  the  orifice  test  (Part  I). 

The  great  difference  between  the  cottons  of 
85'/  and  30'/  maturity  in  estimated  swelling 
capacity  immediately  raises  the  question  why 
the  extra  20'/  estimated  swelling  of  immature 
cotton  did  not  impart  effective  permanent  clos- 
ing capacity  and  make  the  fabric  of  immature 
cotton  definitely  superior  in  water  resistance. 
There  are  at  least  two  apparent  reasons.  Un- 
doubtedly,  the  greatest   adverse   influence   is 
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the  much  greater  loss  of  swelling  capacity  of 
the  immature  cotton  during  finishing.  Swell- 
ing capacities  calculated  from  average  values 
of  intercepts  (see  Centrifuge  Technique)  for 
yarns  from  two  fabrics  of  each  cotton  show 
progressive  large  decreases  from  step  to  step 
in  finishing.  Most  notable,  however,  was  the 
much  greater  loss  by  the  immature  cotton, 
which  finished  with  only  5/(  greater  apparent 
swelling  capacity  than  the  mature  cotton 
(Table  II). 

The  value  of  even  this  extra  b'A  swelling 
is  not  realized  in  cloth  because  at  least  4  to  5 '/ 
more  noncellulosic  material  is  removed  from 
the  immature  than  from  the  mature  cotton 
in  scouring  (Part  III),  and  we  can  surmise  that 
the  extra  space  thus  left  in  the  immature  cot- 
ton to  be  filled  by  swelling  would  take  up  its 
extra  swelling  capacity.  That  is,  the  considera- 
tions above  account  very  well  for  the  general 
observations  on  finishing,  particularly  those  in 
Part  III.  There  the  immature-cotton  fabrics 
were  better  than  the  mature  in  the  grey  in 
both  air  and  water  permeability.  The  fabrics 
of  neither  group  were  as  good  after  finishing 
as  before,  and  some  immature-cotton  fabrics 
were  worse  in  some  tests  than  the  correspond- 
ing mature-cotton  fabrics.  In  these  (Part  III) 
cases  any  contribution  of  greater  fineness  of 
the  immature  cotton  to  the  closing  of  the 
fabrics  did  not  offset  the  unfavorable  factors. 

Evidence  from  Hydrostatic  Tests.    The  con- 


ventional hydrostatic  test  was  applied  to  fabrics 
at  different  steps  in  finishing  (Part  IV,  Table 
V).  The  hydrostatic  heads  required  to  cause 
the  3  drops  leakage  through  the  10  selected 
experimental  fabrics  were  from  60  to  113  cm. 
in  the  grey,  and  appreciably  lower  in  every 
case  in  the  finished  goods,  51  to  78  cm.  The 
values  for  fabrics  at  the  intermediate  steps, 
after  scouring  and  after  dyeing,  were  much 
lower,  usually  about  equal  for  each  fabric,  at 
13  to  35  cm.  Any  effect  of  swelling  was  ob- 
scured by  some  degree  of  water  repellency 
and  slowness  of  wetting,  so  no  conclusions 
regarding  swelling  could  be  drawn. 

On  the  other  hand,  the  leakage  through 
samples  taken  at  the  different  steps  in  finish- 
ing, preswollen,  and  tested  under  the  fixed 
head  of  86  cm.  was  progressively  greater,  and 
frequently  very  large,  in  8  of  the  10  fabrics. 
The  evidence  indicated  decreased  swelling  ca- 
pacity during  finishing  and  little  contribution 
of  swelling  to  closing.  This  was  not  shown  as 
clearly,  however,  as  in  orifice  and  centrifuge 
tests  on  weighed  samples  of  yarn,  with  its 
freedom  from  fabric  variables. 

While  the  hydrostatic  evidence  points  so 
far  to  a  decrease  in  closing  capacity  and  in 
water  resistance  during  finishing  as  far  as 
swelling  is  concerned,  other  hydrostatic  tests 
have  brought  out  another  influence  which 
tends  to  add  to  water  resistance.  This  influence 
is  discussed  immediately  below. 


ENTRAPPED  AIR  AS  A  FACTOR  IN  WATER  RESISTANCE 


The  presence  of  entrapped  air  has  already 
been  mentioned  as  contributing  appreciably  to 
the  water  resistance  of  a  tight  fabric  pres\yollen 
under  suitable  conditions,  in  a  way  believed 
not  due  merely  to  the  usual  water  repellency. 
This  was  brought  out  especially  well  by  a 
number  of  hydrostatic  tests  in  the  Suter*  appar- 
atus, of  samples  prewetted  and  preswollen  in 
different  ways  (Table  III).  Typical  finished, 
high-pickage  fabrics,  No.  117  made  from  cotton 
of  85%  maturity  (Part  III)  and  No.  131  from 
cotton  of  84%  maturity  (Part  IV),  were  used. 
Both  had  been  scoured,  dyed,  treated  with 
Zelan-*,  and  washed.  In  tests  of  the  several 
types,  a  given  fabric  showed  leakages  of  dif- 
ferent magnitudes  under  the  constant  head  of 
86  cm.  of  water. 


Control  experiments  included  determinations 
of  head  required  to  cause  3  drops  leakage 
through  air-dry  samples  (regarded  as  unswol- 
len).  The  values  were  similar  at  73  and  69  cm. 
(Table  III),  respectively,  which  correspond  with 
good  water  resistance.  In  other  control  or  base 
experiments  the  amounts  of  leakage  through 
other  similar  air-dry  samples  waS'  observed 
under  the  head  of  86  cm.  (Table  III).  The  re- 
sulting values,  17  ml.  and  63  ml.  in  10  minutes, 
respectively,  fell  in  an  intermediate  range. 

When  similar  samples  were  preswollen  ac- 
cording to  the  2  methods  discussed  in  Paper  II 
(1.  Boiled  in  water  for  10  minutes  to  wet  them 
thoroughly,  then  soaked  in  water  for  50  min- 
utes to  24  hours  to  swell;  and  2.  soaked  at  room 
temperature  under  100  cm.  head  of  water  for 
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24  hours),  there  were  much  greater  leakages, 
115  and  480  ml.,  respectively,  in  10  minutes. 
These  samples  were  supposedly  free  from  en- 
trapped air  and  well  swollen,  but  leaked  much 
more  than  air-dry  samples,  indicating  that  the 
low  leakage  of  the  latter  was  not  due  mainly 
to  closure  by  swelling. 

Samples  (Expt.  4)  were  prepared  by  holding 
for  only  1  hour  under  water  at  a  head  of  100 
cm.  and  were  then  found  to  leak  in  the  lowest 
range.  These  samples  were  superficially  wet 
but  held  only  19.3'/  water  after  light  blotting, 
much  less  than  the  thoroughly  wetted  fabrics 
(Expts.  3,  5,  and  6).  They  had  extremely  low 
leakage,  however,  compared  with  samples 
soaked  for  24  hours  (Expt.  3).  As  judged  by 
both  regain  and  length  of  time  of  soaking,  the 
1-hour  samples  would  not  have  been  as  greatly 
swollen.  On  the  other  hand,  they  leaked  much 
less  than  the  samples  (Expts.  1  and  7)  which 
obviously  depended  mainly  on  water  repel- 
lency.  The  estimated  swelling  of  the  1-hour 
sample  (Expt.  4)  would  be  31.1 7f,  according 
to  methods  discussed  below,  if  the  regain  were 
all  due  to  water  of  swelling.  This  would  be 
near  the  maximum  for  this  type  of  fabric,  and 
is  shown  later  not  to  be  sufficient  for  closure 
against  passage  of  water.  Hence,  there  is  again 
evidence  of  some  other  factor,  possibly  en- 
trapped air,  not  displaced  or  dissolved,  which 
helps  to  block  the  passage  of  water. 

This  vipw  is  supported  by  another  type  of 
experiment  wherein  the  fabric  is  exposed  to 
an  atmosphere  approximately  saturated  with 
water  vapor  before  testing  for  leakage.  The 
original  experiment  of  this  type  was  intended 
to  show  whether  a  sample  exposed  only  to 
water  vapor  would  attain  a  degree  of  swelling 
comparable  to  that  on  immersion  in  water. 
The  result  is  reported  below  with  results  from 
similar  experiments  run  following  a  recent 
report  by  Lord  (19),  which  seemed  to  support 
the  observation  that  absorption  of  water  vapor 
by  a  water-repellent  fabric  might  increase  its 
water  resistance.  Two  such  fabrics  which  had 
been  exposed  by  Lord  above  a  water  surface 
gained  slightly  in  weight  owing  to  absorption 
of  moisture;  after  the  exposure  the  fabrics 
showed  hydrostatic  heads  10  to  11 7<  higher 
than  before.  These  observations  did  not  seem 
to  be  regarded  by  that  author  as  having  special 
significance.  In  order  to  bring  out  more  clearly 


a  possible  relationship  with  the  effects  now 
under  discussion,  additional  samples  of  the  2 
finished  fabrics,  Nos.  117  and  131,  were  allowed 
to  stand  in  a  closed  container  over  water  for 
22  or  24  hours,  and  then  tested.  These  samples 
(Table  III)  increased  in  regain  from  5'/'-  or  6'/< 
to  15'/  ,  and  the  hydrostatic  heads  required 
to  start  leakage  did  increase  significantly,  by 
19'/  and  14.5'/  ,  respectively.  Also,  in  addition 
to  requiring  abnormally  high  hydrostatic  heads 
to  bring  about  leakage,  samples  humifidied  by 
water  vapor  in  further  experiments  displayed 
much  lower  leakage  in  tests  at  the  fixed  head. 
Much  less  moisture  was  absorbed  than  by 
soaked  samples,  and  much  less  than  required 
for  complete  swelling,  but  the  leakage  was 
extremely  low.  The  swelling  was  estimated 
at  24.2*/,  believed  not  to  be  enough  to  close 
a  fabric.  The  soaked  samples  (Expts.  5,  6,  and 
10)  which  were  supposedly  fully  swollen  leaked 
far  larger  amounts  of  water,  which  indicates 
that  swelling  alone  did  not  account  for  the  low 
leakages  through  humidified  samples. 

As  a  final  check,  many  of  the  fabrics  were 
boiled  in  water  for  3  minutes  after  the  tests 
described  and  retested  under  the  same  head 
(86  cm.).  This  length  of  time  may  not  have 
been  the  most  favorable  to  put  the  fabrics  all 
into  a  common  state,  but  there  were  large 
increases  in  leakage  through  all  but  two.  Dif- 
ferences within  the  last  column  for  either 
fabrics  are  of  doubtful  significance  because  rep- 
licates have  often  differed  as  much  as  in  the 
ranges  shown.  The  leakages  are  considered  as 
having  been  equalized  for  each  fabric,  how- 
ever, by  removal  of  air,  since  all  came  to  the 
same  order  of  magnitude. 

Explanation  of  Results.  The  greater  resist- 
ance of  a  water-repellent  fabric  to  penetration 
by  water  after  the  absorption  of  water  from 
the  vapor  phase  must  be  regarded  as  a  real 
result  and  suggestions  will  be  made  toward 
its  explanation.  The  presence  of  the  added 
moisture  absorbed  by  the  fibers  might  suggest 
the  possibility  of  easier  wetting  and  penetra- 
tion, rather  than  of  increased  water  resistance. 
On  the  other  hand,  swelling  of  the  fibers  prob- 
ably tends  to  make  the  capillaries  among  them 
smaller  and  correspondingly  more  difficult  to 
penetrate.  This  point  will  not  be  pursued  fur- 
ther, owing  to  the  absence  of  information  on 
the  wetting  or  water  repellency  of  fabric  con- 
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taining  a  durable  repellent,  and  at  the  same 
time  considerably  swollen  by  high  regain  such 
as  15%. 

Such  results  are  not  readily  explained  on 
the  basis  of  water  absorption  alone  unless  one 
could  imagine  that  some  particular  mode  of 
absorption  on  the  finished  cotton  surface  made 
that  surface  more  difficult  to  wet.  This  seems 
unlikely.  Neither,  so  far  as  known,  could  the 
presence  of  a  water-repellency  agent  make  the 
vapor-exposed  fabric  more  repellent  than  the 
air-dry  sample. 

The  smallest  amounts  of  leakage  do  seem 
explainable  on  the  basis  of  some  particular 
form  of  entrapment  or  retention  of  air.  A  some- 
what similar  phenomenon  was  observed  with 
cellulosic  materials  which  were  not  water  re- 
pellent. Water  vapor  was  taken  up  by  filter 
paper  and  bleached  cotton  cloth  in  such  a  way 
that  they  seemed  resistant  to  further  wetting 
(11).  This  effect  has  not  been  found  described 
elsewhere,  or  completely  explained,  but  it  ap- 
peared to  be  due  to  the  entrapment  or  enclosure 
of  air  so  that  the  cloth  and  paper  did  not  wet 
as  readily  after  exposure  to  water  vapor  as 
when  dipped  air-dry  quickly  into  water.  This 
effect  was  not  due  to  air  as  ordinarily  present 
within  the  cloth  and  paper,  because  when  the 
air-dry  materials  were  dipped  quickly  into 
water,  air  was  obviously  readily  displaced. 


Hence,  it  appears  that  absorption  of  water 
vapor  by  a  fabric  could  conceivably  interfere 
with  subsequent  displacement  of  air  and  that 
some  relatively  large  amount  of  air  was  present 
in  vapor-swollen  fabric,  also  that  it  was  not 
displaced  by  water  under  a  head  of  86  cm.  and 
that  it  contributed  to  the  water  resistance  in 
addition  to  the  effect  of  ordinary  repellency. 

Practical  Implications.  It  seems  possible  that 
a  water-repellent  fabric  may  become  somewhat 
swollen  by  water  vapor  and  actually  more 
water  resistant  even  during  an  ordinary  hydro- 
static test  while  it  is  standing  in  the  apparatus 
with  one  side  in  contact  with  water  during 
the  short  time  before  penetration  takes  place. 
There  is  no  obvious  way  to  make  an  adjustment 
or  correction  for  this  factor,  which  may  have 
an  effect  on  hydrostatic  test  results. 

Of  more  practical  interest,  tightly  construc- 
ted water-repellent  fabrics  should  become  more 
water  resistant  if  they  should  happen  to  be 
worn  in  very  humid  or  foggy  weather  immedi- 
ately before  being  exposed  to  rain.  However, 
the  absorption  of  water  vapor  with  the  attend- 
ant effects  described  can  probably  take  place 
also  under  ordinary  conditions  within  the  cloth 
in  a  garment  after  the  outside  has  been  ex- 
posed to  rain  or  has  become  wet  by  it.  The 
entrapped  air  might  serve  even  more  effective- 
ly as  a  second  line  of  defense  than  the  swelling 
of  fibers. 


BULK  DENSITY  AND  CLOSURE  OF  FABRICS  BY  SWELLING 


Data  on  the  tightest  fabrics  that  v/ere  woven 
show  that  closure  by  swelling  is  related  to  bulk 
density.  Consideration  of  bulk  density  sup- 
ports the  view  already  expressed  in  Part  I 
that  closing  of  a  swelling-type  fabric  ^ust 
depend  upon  a  plane  or  a  region  of  maximum 
density  through  the  center  of  the  piece.  Suffi- 
cient data  from  previous  papers  are  presented 
with  bulk  densities  (Table  IV)  to  show  the 
connection  between  this  property  and  fabrics 
that  could  possibly  be  rated  as  of  swelling 
type.  The  bulk  densities  were  calculated  from 
thickness  and  weight  per  square  yard  in  earlier 
tables. 

The  volume  and  swelling  considerations  are 
illustrated  by  one  of  the  fabrics  used  in  various 
tests  discussed  above.  No.  117.  It  had  a  bulk 
density   of  0.8   in   the   finished   state.    If   the 


density  of  cotton  in  water  is  taken  as  1.61 
and  the  regain  of  the  air-dry  cotton  is  assumed 
to  have  been  17<  (in  all  of  the  experimental 
fabrics),  this  fabric  contained  46.4%  of  its 
volume  of  cotton  (without  regain)  and  53.6% 
of  air  space.  The  swelling  of  this  fabric  upon 
thorough  wetting,  as  inferred  from  other  fab- 
rics made  from  the  same  lot  of  cotton  (Nos.  114 
and  118  in  Table  II),  would  have  been  about 
30.3%  .  The  cotton,  then,  could  fill  by  swelling 
only  61%  of  the  volume  of  the  fabric  (see  Cal- 
culations of  Closure  of  Fabrics).  Other  test 
data  (Table  III)  show  that  this  was  not  a  swell- 
ing-type fabric,  even  though  it  was  very  water- 
resistant  in  some  of  the  tests.  It  obviously  did 
not  swell  enough  to  close  off  the  zone  of  maxi- 
mum density.  The  grey  was  more  water  re- 
sistant than  the  finished  fabric,  and  would 
almost  rate  as  of  swelling  type  (Part  III,  Tab^a 
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VII-A).  The  critical  plane  must  have  been 
nearly  closed  off  even  though  the  bulk  density 
was  appreciably  lower  before  finishing  (Table 
IV);  and  the  swelling  in  fabric  form  was  about 
40'/,  so  that  only  60%  of  the  fabric  volume 
was  filled. 

Fabric  No.  123  (Part  III)  made  from  a  cotton 
of  greater  swelling  capacity  could  be  rated  in 
the  grey  as  of  swelling  type,  from  the  virtual 
absence  of  leakage  through  preswollen  samples. 
If  its  constituent  cotton  had  swollen  up  to  its 
capacity  when  in  yarn  form,  it  would  have 
filled  79.2 '/f  of  the  volume  of  the  fabric.  Ac- 
tually, the  swelling  in  fabric  form  as  deter- 
mined by  the  centrifuge  was  48.6%  and,  by 
calculation,  the  fabric  was  swelled  to  68.1% 
of  its  volume.  The  region  of  maximum  density 
had  been  closed  although  the  fabric  as  a  whole 


was  not  sufficiently  swollen  to  fill  all  of  the  air 
space.  The  same  fabric  after  finishing  was  of 
slightly  higher  bulk  density  but  was  not  fully 
closed  by  swelling.  As  calculated  from  the  ob- 
served swelling  of  the  finished  fabric  in  Table 
II,  the  cloth  would  have  been  65 /f  filled  by 
the  swollen  cotton.  There  seemed  to  be  a  nar- 
row margin  of  swelling  between  the  grey  and 
finished  fabrics  which  determined  closing.  The 
most  dense  fabric  made,  with  bulk  density  of 
0.87,  consisted  of  about  51%  by  volume  of 
cotton  (without  regain). 

It  will  be  obvious  from  various  considera- 
tions in  this  and  other  papers  in  this  series  that 
the  estimates  of  space  and  swelling  within 
fabrics  are  only  approximations  but  that  their 
magnitudes  are  essentially  correct. 


SPECIAL  METHODS 


Special  applications  of  orifice  and  centrifuge 
tests  are  described  below,  also  some  of  the 
special  calculations. 

Orifice  Test.  The  orifice  test  (Part  I;  and  35) 
found  special  application  to  the  study  of  rela- 
tive densities  of  yarns  with  particular  reference 
to  their  state  in  fabrics.  Strands  of  yarn  drawn 
as  a  group  into  an  orifice  tend,  no  doubt,  to 
form  interyarn  regions  or  "channels"  that  are 
less  dense  than  the  yarns  themselves,  and  it 
is  a  reasonable  assumption  that  such  regions 
will  be  still  less  dense  when  the  yarns  (of  equal 
weight)  are  more  dense.  Hence,  it  may  be 
assumed  further  that  if  there  are  thus  larger 
pores  through  the  capillary  system  between 
yarns,  water  will  be  transmitted  at  a  greater 
rate  in  general  accordance  with  Poiseuille's 
law,  and  thus  bring  about  significantly  greater 
seepages.  Conversely,  greater  seepages  under 
suitable  comparable  conditions  in  orifice  tests 
should  indicate  greater  relative  densities  of 
yarns. 

That  higher  densities  in  yarns  could  be  thus 
detected  was  demonstrated  with  30/2  filling 
yarns  from  fabrics  made  from  Deltapine  and 
"Sike"  cottons  (Part  III).  Routine  orifice  tests 
were  made  on  samples  of  equal  weights  of  each 
yarn  ravelled  from  fabrics  woven  with  56  to 
73  picks  per  inch  (Table  V),  both  grey  and 
finished.  The  grey  yarns  from  the  mature- 
cotton  fabrics  showed  a  consistent  increase  in 


orifice  seepage  with  increase  in  number  of 
picks  per  inch.  Yarns  from  the  corresponding 
finished  fabrics  all  had  2  to  3  times  as  much 
seepage,  and  again  showed  higher  values  with 
increased  pickage.  The  yarns  of  immature 
cotton  from  grey  fabrics  were  very  low  in 
seepage,  which  showed  a  tendency  to  increase 
with  pickage.  Yarns  from  the  finished  fabrics 
of  immature  cotton  had  much  greater  seepages 
than  the  equivalent  grey  yarns,  and  had  also 
a  consistent  and  relatively  large  increase  with 
picks  per  inch. 

The  data  in  Table  V  were  confirmed  by 
similar  observations  for  succeeding  time  peri- 
ods. Since  the  samples  in  each  series  consisted 
of  equal  weights  of  yarn  from  the  same  lot, 
their  swelling  should  have  been  the  same  if 
unaffected  by  outside  factors.  Hence,  the  in- 
creased seepage  through  yarns  from  grey  fab- 
rics with  greater  number  of  picks  must  be 
regarded  as  due  to  mechanical  compression, 
some  of  which  persisted  after  ravelling.  The 
much  greater  seepage  through  yarn  from  each 
fabric  after  finishing  must  be  attributed  very 
largely  to  its  loss  of  swelling  capacity.  Since 
the  finishing  processes  were  all  the  same,  the 
progressive  increase  in  seepage  with  more 
picks,  after  finishing,  must  again  be  due  to 
increased  compression  and  probably  more  ef- 
fective (Setting  by  finishing  at  the  higher  com- 
pressioris. 
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It  was,  therefore,  concluded  that  the  orifice 
test  could  be  used  to  show  relative  degrees  of 
compression  of  yarns  taken  from  fabrics,  al- 
though progressive  compression  was  decided 
as  not  taking  place  to  a  significant  degree  for 
yarns  in  fabrics  from  step  to  step  in  the  fabric 
finishing. 

Centrifuge  Technique.  The  amounts  of  water 
retained  upon  centrifuging  under  suitable  con- 
ditions have  been  rather  generally  accepted  as 
a  good  indication  of  the  relative  amounts  of 
swelling  of  cellulose  fibers;  but  application  of 
the  centrifuge  as  described  below  has  been 
reported  to  indicate  actual  swelling  (by  weight). 

The  general  method  for  determinations  of 
water  retention  was  that  described  by  Welo 
et  al.  (37  ).  Samples  of  approximately  1  g.  each 
of  fiber,  yarn,  or  fabric  were  wet-out  overnight 
in  water  containing  0.1  ^  Deceresol  OT,"  then 
centrifuged  for  30  minutes  at  8,000  g.,  or  under 
conditions  described  below.  Amounts  of  reten- 
tion, or  moisture  regains,  were  calculated  on 
the  dry  weights  of  samples. 

Data  from  tests  on  fabrics  and  the  materials 
from  which  they  were  made,  representative 
of  the  range  of  conditions  of  this  investigation, 
have  been  assembled  in  Table  II. 

The  table  includes  2  raw  cottons  of  very 
different  maturities,  in  comparison  with  30/2 
yarns  made  from  them;  and  with  similar  yarns 
ravelled  from  fabrics  which  differed  in  density 
as  determined  by  the  picks  per  inch,  56  and  72. 
Retentions  by  the  two  cottons  in  comparable 
tests  were  very  different  in  every  case.  There 
was  but  little  difference  between  the  retention 
by  yarns  of  different  densities  which  came  from 
the  fabrics  of  different  pickage  made  from 
either  cotton. 

On  the  other  hand,  there  were  differences 
between  fabrics  of  different  densities.  Reten- 
tions were  lower  for  fabric  than  for  yarn;  and 
lower  for  fabric  of  72  picks  than  fabric  of  56 
picks,  evidently  owing  to  tighter  construction 
and  greater  restriction  of  swelling.  Of  most 
interest,  decreases  of  retention  were  shown  in 
yarns  ravelled  from  fabrics  from  step  to  step 
in  finishing  (Table  II);  and  corresponded  with 
progressive  decrease  of  swelling  capacity. 

Possible  differences  in  wetting,  with  a  re- 
sulting effect  on  retention  and  swelling,  were 


apparently  eliminated  by  the  use  of  a  wetting 
agent  in  sufficient  quantity  to  make  all  samples 
wet  easily. 

The  most  important  application  of  the  centri- 
fuge has  been  for  the  estimation  of  amount  of 
swelling  according  to  Preston  and  Nimkar  (30). 
For  this  purpose  observations  of  water  reten- 
tions were  made  at  2  centrifuge  speeds,  7,000 
and  10.000  r.p.m.  for  each  sample.  The  reten- 
tions were  plotted  as  regains  against  the  recip- 
rocals of  these  speeds  squared,  and  a  straight 
line  was  drawn  through  the  resulting  points 
to  intercept  the  regain  axis.  This  axis  corre- 
sponds with  infinite  speed,  where  unity  divided 
by  speed  squared  equals  zero,  and  where  the 
amount  of  water  held  by  capillary  forces  would 
be  zero  in  this  idealized  case.  Then  an  inter- 
cept on  this  axis  is  a  measure  of  the  amount 
of  water  in  the  fibers  that  causes  swelling. 
Percentages  of  swelling  by  volume  were  calcu- 
lated from  the  intercept  retentions,  expressed 
as  regains,  which  were  taken  as  additive  to 
the  volume  of  cotton  that  corresponds  with  its 
density  in  water,  1.61  (17,  p.  95).  At  this  den- 
sity its  specific  volume  will  be  0.621,  so  the 
percentages  of  regain  corresponding  with  the 
regain  intercepts  were  divided  by  0.621  to 
obtain  the  percentages  of  swelling  by  volume. 

Calculations  of  Closure  of  Fabrics.  The  cal- 
culations of  percentages  of  volume,  of  swelling, 
and  of  closure  of  fabrics,  particularly  as  given 
in  the  section  "Bulk  Density  and  Closure  of 
Fabrics  by  Swelling,"  were  made  as  described 
below. 

Fabric  No.  123  (Table  II)  can  be  taken  as 
an  example.  Its  bulk  density  of  0.79  (Table 
IV)  represents  the  weight  of  cotton  in  1  cc.  of 
the  fabric.  This  fabric,  as  well  as  others  under 
consideration,  was  assumed  to  have  !''(  regain 
and  is  called  "airdry."  As  explained  earlier, 
the  swelling  corresponding  with  a  given  regain 
is  considered  equal  to  the  regain  and  directly 
additive  to  the  volume  of  cotton  that  corre- 
sponds with  its  density  in  water.  Cotton  at 
this  density,  1.61,  and  specific  volume,  0.621, 
is  called  "dry"  for  the  present  purpose. 

If  added  to  1  g.  of  such  dry  cotton,  7%  regain 
would  change  its  weight  to  1.07  g.;  if  additive 
to  swelling,  1^4  regain  would  change  its  volume 
from  0.621  to  0.691.  Then  the  density  at  7% 
regain   would   be   1.07/0.691,   or    1.548.    Bulk 
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density,  0.79  (weight  of  air-dry  cotton)  divided 
by  its  density,  1.548,  gives  0.51,  the  volume  of 
air-dry  cotton  in  the  1  cc.  of  fabric.  The  cor- 
responding volume  of  dry  cotton,  upon  which 
swelling  is  based,  is  found  from  the  relation: 
0.691   :  0.51   ::  0.621   :  x 

The  value  of  "x"  is  0.458,  or  there  is  45.8'/ 
by  volume  of  dry  cotton  in  the  fabric  and,  by 
difference,  54.2';   of  air  space. 

This  cotton  would  therefore,  have  to  swell 
by  54.2/45.8,  or  118'/  ,  to  just  fill  the  fabric  if 


the  latter  retained  its  original  dimensions  upon 
swelling.  Yarn  ravelled  from  this  fabric  in 
the  grey  was  found  to  swell  by  72.9'/  (Table 
II);  and  if  fully  swollen  in  the  piece  it  would 
have  filled  79.2'/  of  the  fabric  volume  (45.8 
plus  72.9'/  of  45.8).  Since  the  cloth  actually 
swelled  48.6 '/^  (Table  II),  as  calculated  from 
the  regain  intercept,  it  was  68.1'/  filled  (calcu- 
lated as  above)  if  there  were  no  change  of 
dimensions. 

Inferences  from  such  values  as  just  discussed 
have  already  been  presented. 


SUMMARY 


Swelling  of  cotton  can  contribute  to  the 
closing  of  swelling-type,  water-resistant  fabrics 
to  help  resist  the  passage  of  water,  but  only  a 
few  of  the  most  tightly  constructed  experimen- 
tal fabrics  can  be  considered  actually  to  have 
been  closed  by  swelling.  More  effective  fabrics 
can  undoubtedly  be  produced.  Reasons  why 
it  is  difficult  to  take  advantage  of  swelling  in 
oxford  fabrics  have  been  brought  out  by  means 
of  airflow,  orifice,  centrifuge,  and  hydrostatic 
tests,  in  the  absence  of  methods  for  the  direct 
measurement  of  the  contribution  of  swelling  to 
water  resistance. 

There  has  been  throughout  the  work  a 
notable  decrease  in  water  resistance  due  to 
finishing,  caused  partly  by  increase  in  openness 
of  texture.  This  opening  of  experimental  fab- 
rics was  found  not  to  be  due  to  possible  effects 
of  tension  and  stretching  during  finishing;  but 
mainly  to  loss  of  non-cellulosic  constituents  in 
scouring,  which  leaves  more  space  to  be  filled 
by  swelling.  To  add  to  the  difficulty  of  closing 
the  fabric,  there  is  a  progressive  loss  of  swell- 
ing capacity  during  finishing.  This  was  clearly 
shown  by  large  increases  in  orifice  test  seep- 
ages through  samples  of  yarn  taken  from  fab- 
rics at  the  principal  steps  in  finishing.  There 
is  a  pronounced  loss  even  after  scouring,  and 
further  losses  from  dyeing  and  water  repel- 
lency  teatment. 


Especially  notable  are  great  differences  be- 
tween the  swelling  capacities  of  different  cot- 
tons as  estimated  by  the  centrifuge.  A  mature 
cotton  appeared  to  swell  by  52.2'/  in  water  at 
room  temperature  and  a  highly  immature  cot- 
ton by  72.9'/  .  These  amounts  decreased  during 
finishing  to  about  36'/  and  41'/  ,  respectively. 
Hence,  the  apparent  advantage  of  immature 
cotton  was  reduced  to  5'/  in  terms  of  swelling, 
and  this  would  probably  be  offset  by  the  loss 
of  at  least  4  to  5'/  more  noncellulosic  consti- 
tuents from  the  immature  than  from  the  ma- 
ture cotton.  Hence,  immature  cottons  are  not 
especially  suitable  for  swelling-type  fabrics 
that  have  to  be  finished.  There  was  evidence 
(Parts  II  and  III)  that  cottons  of  about  average 
maturity  (76  to  81'/  on  the  U.S.D.A.  scale)  may 
be  preferable  to  either  highly  mature  or  highly 
immature  cottons  for  such  goods. 

Hydrostatic  tests  have  indicated  that  firmly 
held  air  in  a  partially  swollen  fabric  may  con- 
tribute to  water  resistance  in  a  way  apparently 
not  recognized  heretofore,  and  not  due  merely 
to  the  usual  water  repellency.  This  effect 
might  be  mistaken  for  that  of  swelling,  and 
may  quite  possibly  add  to  the  water  resistance 
of  a  fabric  in  service  in  the  rain,  especially  if 
previously  exposed  to  very  humid  conditions. 
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Table  I.     Orifice  seepages  of  water  and  nonswelling 
liquids 


Yarn 
description 
(fiUing) 


Grey 

Scoured 

Dyed 

Finished 

Grey 

Scoured 

Dyed 

Finished 


Seepage  in  10  minutes 


Water         Dioxane     Methyl  amyl  ketone 


ml 


ml 


11 

65 

15 

72 

22 

66 

29 

74 

9.5 

41 

11 

47 

13 

49 

15 

47 

ml 


66 
71 
72 
71 


Table  II.     Water  retention  and  swelling  at  different  stages  in  finishing  (Centrifuge  method) 


Retention  (intercept) 


Grey 

Picks 

Raw 

yarn 

Fabric 

per 

Cotton     Maturity   stock 

(30/2) 

number 

inch 

Yarns  from  fabric  ' 


Swelling ' 


Grey       Scoured     Dyed    Finished        Grey        Scoured        Dyed       Finished 


%  % 

RAW  STOCK  AND  YARN. 
Deltapine      85  34.2 


% 


% 


"Sike" 


30 


48.5 


33.4 


45.9 


FABRICS: 
Deltapine      85 


•■Sike" 


30 


114            56 

31.9 

30.1 

25.4 

22.6 

118            72 

32.9 

29.2 

24.6 

22.2 

Average 

32.4 

29.7 

25.0 

22.4 

52.2 

47.8 

40.3 

36.1 

119           56 

45.4 

39.8 

30.6 

25.8 

123           72 

45.2 

38.7 

30.8 

25.3 

Average 

45.3 

39.3 

30.7 

25.6 

72.9 

63.3 

49.4 

41.2 

114           56 

27.2 

26.3 

22.2 

19.5 

43.8 

42.4 

35.7 

31.4 

118           72 

22.6 

21.9 

19.9 

18.1 

36.4 

35.3 

32.0 

29.1 

119           56 

36.0 

35.4 

28.9 

23.6 

58.0 

56.9 

46.5 

38.0 

123           72 

30.2 

29.6 

26.2 

21.6 

48.6 

47.7 

42.2 

34.8 

'  Yarn  data  under  this  heading  were  obtained  on  yarns  ravelled  from  fabrics  at  different  steps  in  finishing. 
-  Values  for  swelling  were  obtained  by  dividing  values  of  the  intercepts  (on  the  retention,  or  regain,  axis)  by  0.621  (see  Special 
Methods). 


Table  III.     Effects  of  methods  of  preswelling  on  leakage  through  water-repellent 
Fabrics 


Fabric 
number 

Expt. 
No. 

Treatment 

Moisture 
regain  ' 

Hydro- 
static 
head 

Leakage 
(Suter,  86  cm  head)  = 

Original           After 

3  min.  boil 

% 

cm 

mil  10  min 

mil  10  min 

117F 

1 

Control 

5.8 

73 

17 

292 

(128  X  66) 

2 

22  hr.  in  water  vapor 

14.8 

87 

0.4 

163 

3 

24  hr.   (80°  F.), 
100-cm  head 

46.1' 

115 

240 

^      ■ 

4 

1  hr.   (80°   F.), 
100-cm  head 

19.3' 

1.0 

452 

5 

10  min.  boil, 
50-min  soak   (80°   F.) 

51.1' 

345 

296 

6 

1    hr.   boil, 

50-min  soak  (80°  F.) 

51.1' 

401 

344 

131F 

7 

Control 

5.5 

69 

63 

681 

(128  X  64) 

8 

22   hr.   in   water   vapor 

15.2 

79 

13 

625 

9 

24   hr.    (80°   F.), 

32.8' 

480 

100-cm.  head 

10         10  min.  boil. 

24-hr.  soak  (80°  F.) 


37.5  = 


425 


'  Based  on  dry  weight  of  cotton. 

2  Note  that  leakages  were  observed  for  10  minutes  rather  than  5  minutes  in  other  tables. 

^  Determined  after  light  blotting  of  samples. 
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Table  IV.     Relation  of  closing  by  swelling  to  bulk  density 


Fabric 

Maturity 

of 

cotton 

Construction 

Bulk 
density 

Hydrostatic       Bundesmann    R 

"leakage.          penetration,     8- 

prewet  samples,       prewet         sa 

86-cm.  head          samples       fr( 

ain    test 
ft.   head, 
mple  6  in. 

number 

Warp 

Filling 

jm  nozzle 

% 

ends 

picks 

mll5  min  mll20 

min 

gm. 

120  min 

A.     GREY: 

101 

74 

122 

54 

0.69 

382 

12 

Over 

10 

102 

74 

122 

60 

.73 

67 

0.1 

1.68 

103 

74 

122 

68 

.81 

1.7 

.0 

.48 

104 

74 

122 

69 

.80 

.1 

.0 

.44 

105 

74 

122 

71 

.83 

.0 

.0 

.44 

107 

58 

124 

68 

.81 

.1 

.0 

.54 

111 

85 

126 

68 

.80 

7.9 

.0 

.52 

117 

85 

124 

68 

.74 

74 

.0 

.93 

118 

85 

124 

72 

.80 

20 

.0 

.62 

122 

30 

124 

68 

.73 

1.0 

.0 

.45 

123 

30 

125 

73 

.79 

.1 

.0 

.32 

131 

84 

124 

64 

.71 

195 

.3 

133 

56 

124 

65 

.71 

39 

.0 

... 

B.     FINISHED: 

101 

74 

124 

53 

.72 

1900 

14 

3.66 

102 

74 

124 

60 

.78 

476 

0.1 

.58 

103 

74 

122 

69 

.84 

27 

.0 

.36 

104 

74 

122 

70 

.84 

18 

.0 

.42 

105 

74 

122 

71 

.87 

9.2 

.0 

.35 

107 

58 

130 

66 

.82 

339 

.0 

.98 

111 

85 

130 

67 

.85 

122 

.0 

.47 

117 

85 

128 

66 

.80 

264 

.0 

.53 

118 

85 

130 

70 

.83 

126 

.0 

.45 

122 

30 

130 

65 

.80 

509 

.6 

.57 

123 

30 

130 

71 

.83 

176 

.1 

.44 

131 

84 

128 

64 

.79 

399 

2.7 

133 

56 

129 

63 

.81 

259 

.8 

Table  V.     Compression 

of  yarn 

.  in  fabrics  shown 

by  the  Orifice  test 

Fabric  number 
and   kind 
of  cotton 

Picks        Maturity  _                  •          -^ -^     x 
pprinch            of         Seepages  m  orifice  test 

(grey)           cotton           Grey           Finished 

%      mil  10  min  mil  10  min 

114 

Deltapine 

56 

85 

10.21 

26.01 

115 

Deltapine 

60 

85 

12.08 

30.09 

116 

Deltapine 

64 

85 

13.14 

28.57 

117 

Deltapine 

68 

85 

11.58 

37.55 

118 

Deltapine 

72 

85 

13.56 

37.04 

119 

"Sike" 

56 

30 

.53 

7.61 

120 

"Sike" 

60 

30 

.45 

7.10 

121 

"Sike" 

64 

30 

.49 

8.53 

122 

■•Sike" 

68 

30 

.55 

9.78 

123 

"Sikq" 

73 

30 

.77 

11.37 
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